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PBEFACE. 


This  volume  contains  the  record  of  various  experiments 
made  with  ants,  bees,  and  wasps  during  the  past  ten 
years.  Other  occupations  and  many  interruptions, 
political  and  professional,  have  prevented  me  from 
making  them  so  full  and  complete  as  I  had  hoped. 
My  parliamentary  duties,  in  particular,  have  absorbed 
most  of  my  time  just  at  the  season  of  year  when  these 
insects  can  be  most  profitably  studied.  I  have,  there- 
fore, whenever  it  seemed  necessary,  carefully  recorded 
the  month  during  which  the  observations  were  made ; 
for  the  instincts  and  behaviour  of  ants,  bees,  and  wasps 
are  by  no  means  the  same  throughout  the  year.  My 
object  has  been  not  so  much  to  describe  the  usual 
habits  of  these  insects  as  to  test  their  mental  condition 
and  powers  of  sense. 
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Vi  PBEFACE. 

Although  the  observations  of  Huber,  Forel,  McCook, 
and  others  are  no  doubt  perfectly  trustworthy,  there  are 
a  number  of  scattered  stories  about  ants  which  are  quite 
imworthy  of  credence ;  and  there  is  also  a  large  class 
in  which,  although  the  facts  may  be  correctly  recorded, 
the  inferences  drawn  from  them  are  very  questionable. 
I  have  endeavoured,  therefore,  by  actual  experiments 
which  any  one  may,  and  I  hope  others  will,  repeat 
and  verify,  to  throw  some  light  on  these  interesting 
questions. 

The  principal  point  in  which  my  mode  of  experi- 
menting has  dififered  from  that  of  previous  observers 
has  been  that  I  have  carefully  marked  and  watched 
particular  insects  ;  and  secondly,  that  I  have  had  nests 
under  observation  for  long  periods.  No  one  before  had 
ever  kept  an  ants'  nest  for  more  than  a  few  months. 
I  have  one  now  in  my  room  which  has  been  under 
constant  observation  ever  since  1874,  i.e.  for  more  than 
seven  years.^ 

>  I  may  add  that  these  ants  are  still  (March  1882)  alive  and 
well.    The  queens  at  least  are  now  eight  years  old,  if  not  more. 
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I  had  intended  to  make  my  observations  principally 
on  bees;  but  I  soon  found  that  ants  were  more  con- 
venient for  most  experimental  purposes,  and  I  think 
they  have  also  more  power  and  flexibility  of  mind. 
They  are  certainly  far  calmer,  and  less  excitable. 

I  do  not  attempt  to  give  anything  like  a  full  life- 
history  of  ants,  but  I  have  reproduced  the  substance  of 
two  Koyal  Institution  lectures,  which  may  serve  as  an 
introduction  to  the  subject.  Many  of  the  facts  there 
recorded  will  doubtless  be  familiar  to  most  of  my 
readers,  but  without  the  knowledge  of  them  the  ex- 
periments described  in  the  subsequent  chapters  would 
scarcely  be  intelligible. 

I  have  given  a  few  plates  illustrating  some  of  the 
species  to  which  reference  has  been  most  frequently 
made  ;  selecting  Lithography  (as  I  was  anxious  that  the 
figures  should  be  coloured),  and  having  all  the  species 
of  ants  drawn  to  one  scale,  although  I  was  thus  obliged 
in  some  measure  to  sacrifice  the  sharpness  of  outline, 
and  the  more  minute  details.     I  am  indebted  to  Mr. 
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viii  PBEFACE. 

Bates,  Dr.  Gunther,  Mr.  Kirby,  and  Mr.  Waterhouse, 

for  their  kind  assistance   in  the  preparation  of  the 

plates. 

As  regards  bees  and  wasps,  I  have  confined  myself 
for  want  of  space  to  the  simple  record  of  my  own 
observations. 

I  am  fully  conscious  that  experiments  conducted 
as  mine  have  been  leave  much  to  be  desired,  and 
are  scarcely  fair  upon  the  ants.  In  their  native 
haunts  and  under  natural  conditions,  more  especially 
in  warmer  climates,  they  may  well  be  expected  not 
only  to  manifest  a  more  vivid  life,  but  to  develop 
higher  powers. 

I  think,  however,  that  my  volume  will  at  least  show 
the  great  interest  of  the  subject,  and  the  numerous 
problems  which  still  remain  to  be  solved. 


High  Elms,  Down,  Ebnt: 
Ootobw  18, 1881. 
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ANTS,  BEES,  AND  WASPS. 


CHAPTER  L 

'l  INTRODUCTION. 

The  Anthropoid  apes  no  doubt  approach  nearer  to 
man  in  bodily  structure  than  do  any  other  animals; 
but  when  we  consider  the  habits  of  Ants,  their  social 
organisation,  their  large  communities,  and  elaborate 
habitations;  their  roadways,  their  possession  of  domestic 
animals,  and  even,  in  some  cases,  of  slaves,  it  must  be 
admitted  that  they  have  a  fair  claim  to  rank  next  to 
man  in  the  scale  of  intelligence.  They  present,  more- 
over, not  only  a  most  interesting  but  also  a  very  ex- 
tensive field  of  study.  They  are  divided  into  three 
families:  the  Formicidse,  Poneridse,  and  Myrmicidae, 
comprising  many  genera  and  a  large  number  of  species. 
In  this  country  we  have  rather  more  than  thirty  kinds  ; 
but  ants  become  more  numerous  in  species,  as  well 
as  individuals,  in  wanner  countries,  and  more  than  a 

B 

Digitized  by  LjOOQIC 


2  NUMBEB  OF  SPECIES. 

thousand  species  are  known.     Even  this  large  number 
is  certainly  far  short  of  those  actually  in  existence.' 

I  have  kept  in  captivity  about  half  of  our  British 
species  of  ants,  as  well  as  a  considerable  number  of 
foreign  forms,  and  for  the  last  few  years  have  generally 
had  from  thirty  to  forty  communities  under  observation. 
After  trying  various  plans,  I  found  the  most  con- 
venient method  was  to  keep  them  in  nests  consisting 
of  two  plates  of  common  window  glass,  about  ten 
inches  square,  and  at  a  distance  apart  of  from  ^  to 
^  of  an  inch  (in  fact  just  sufficiently  deep  to  allow 
the  ants  freedom  of  motion),  with  slips  of  wood  round 
the  edges,  the  intermediate  space  being  filled  up  with 
fine  earth.  If  the  interval  between  the  glass  plates 
was  too  great,  the  ants  were  partly  hidden  by  the 
earth,  but  when  the  distance  between  the  plates  of 
glass  was  properly  regulated  with  reference  to  the 
size  of  the  ants,  they  were  open  to  close  obser- 
vation, and  had  no  opportunity  of  concealing  them- 
selves. Ants,  however,  very  much  dislike  light  in 
their  nests,  probably  because  it  makes  them  think 
themselves  insecure,  and  I  always  therefore  kept 
the  nests   covered  over,   except  when  under  actual 

>  I  have  had  some  doubt  whether  I  should  append  descriptions 
of  the  British  species.  On  the  whole,  however,  I  have  not  thought 
it  necessaiy  to  do  so.  They  are  weU  given  in  various  entomological 
works:  for  instance,  in  Smith's  Catalogue  of  Britith  Ibswrial 
Symefwptera ;  Saunders'  Synojfsis  of  Brituh  Heterogyna ;  and  in 
Mayr's  Die  JEwropdUchen  Fonniciden,  aU  of  which  are  cheap  and 
easily  procurable.  I  have,  however,  given  figures  of  the  prindpal 
species  with  which  I  have  worked. 


Digitized  by 


Google 


MODE  OF  OBSERVATION.  3 

observation.  I  found  it  convenient  to  have  one  side 
of  the  nest  formed  by  a  loose  slip  of  wood,  and  at  one 
<x)mer  I  left  a  small  door.  These  glass  nests  I  either 
kept  in  shallow  boxes  with  loose  glass  covers  resting 
<m  baize,  which  admitted  enough  air,  and  yet  was  im- 
pervious to  the  ants ;  or  on  stands  surrounded  either 
by  water,  or  by  fur,  with  the  hairs  pointing  downwards. 
<Some  of  the  nests  I  arranged  on  stands,  as  shown  in 


fig.  1.  A  A  is  an  upright  post  fixed  on  a  base  B  B. 
€  C  is  a  square  platform  of  wood  round  which  runs  a 
•ditch  of  water.  Above  are  six  nests,  D,  each  lying 
-on  a  platform  E,  which  could  be  turned  for  facility  of 
observation,  as  shown  in  the  dotted  lines  D'  and  E'. 
Thus  the  ants  had  a  considerable  range,  as  they  could 
wander  as  far  as  the  water  ditch.  The  object  of  having 
ihe  platform  C  C  larger  than  the  supports  of  the  nestg 
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4  ABTIFICIAL  NESTS. 

was  that  if  the  ants  fell,  as  often  happened,  they  were 
within  the  water  boundary,  and  were  able  to  return 
home.  This  plan  answered  fedrly  well,  and  saved  space^ 
but  it  did  not  quite  fcdfil  my  hopes,  as  the  ants  were 
so  pugnacious,  that  I  was  obliged  to  be  very  careful 
which  nests  were  placed  on  the  same  stand. 

Of  course  it  was  impossible  to  force  the  ants  into 
these  glass  nests.  On  the  other  hand,  when  once  the 
right  way  is  known  it  is  easy  to  induce  them  to  go  in» 
When  I  wished  to  start  a  new  nest  I  dug  one  up,  and 
brought  home  the  ants,  earth,  &c.,  all  together.  I 
then  put  them  over  one  of  my  artificial  nests,  on  one 
of  the  platforms  surrounded  by  a  moat  of  water.  Gra- 
dually the  outer  earth  dried  up,  while  that  between 
the  two  plates  of  glass,  being  protected  from  evapo- 
ration, retained  its  moisture.  Under  these  circum- 
stances the  ants  found  it  more  suitable  to  their 
requirements,  and  gradually  deserted  the  drier  mould 
outside,  which  I  removed  by  degrees.  In  the  earth 
between  the  plates  of  glass  the  ants  tunnelled  out 
passages,  chambers,  &c.  (fig.  2),  varying  in  form  ac- 
cording to  the  circumstances  and  species. 

Even  between  the  plates  of  glass  the  earth  gradu- 
ally dried  up,  and  I  had  to  supply  artificial  rain  from 
time  to  time.  Occasionally  also  I  gave  them  an  alto- 
gether new  nest.  They  seem,  however,  to  get  attached  to 
their  old  homes,  and  I  have  one  community  which 
has  inhabited  the  same  glass  case  ever  since  1874. 

It  is  hardly  necessary  to  say  that  the  individual 
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DIFFERENCES  IN  HABITS.  5 

ants  belonging  to  the  communities  placed  on  the 
stands  just  described,  knew  their  own  nests  perfectly 
welL 

These  nests  gave  me  special  facilities  for  observing 
the  internal  economy  of  ant  life.  Another  main  diffe- 
rence between  my  observations  and  those  of  previous 
naturalists  has  consisted  in  the  careful  record  of  the 
actions  of  individual  ants.  The  most  convenient  mode 
of  marking  them  was,  I  found,  either  with  a  small  dab 
of  paint  on  the  back,  or,  in  the  case  of  bees  or  wasps,  by 
snipping  off  a  fragment  at  the  extremity  of  the  wing. 
This,  I  need  hardly  say,  from  the  structure  of  the 
wing,  gave  the  insect  no  pain ;  in  fact,  as  it  is  only 
necessary  to  remove  a  minute  portion,  not  sufficient  to 
make  any  difference  in  their  flight,  they  seemed 
scarcely  to  notice  it.  I  never  found  any  difficulty  in 
painting  bees  or  wasps ;  if  they  are  given  a  little  honey 
they  become  so  intent  that  they  quietly  allow  the 
paint  to  be  applied.  Of  course  too  much  must  not  be 
put  on,  and  care  must  be  taken  not  to  touch  the  wings 
or  cover  up  the  spiracles.  Ants  require  somewhat  more 
delicate  treatment,  but  wi^h  a  little  practice  they  could 
also  be  marked  without  any  real  difficulty. 

No  two  species  of  Ants  are  identical  in  habits ;  and, 
on  various  accounts,  their  mode  of  life  is  far  from  easy  to 
unravel.  In  the  first  place,  most  of  their  time  is  passed 
underground:  all  the  education  of  the  young,  for 
instance,  is  carried  on  in  the  dark.  Again,  ants  are 
essentially  gregarious ;  it  is  in  some  cases  difficult  to 
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6  STAaES  IN  THE  LIFE  OF  ANTS— EGGS. 

keep  a  few  alive  by  themselves  in  captivity,  and  at  any 
rate  their  habits  under  such  circumstances  are  entirely 
altered.  If,  on  the  other  hand,  a  whole  community 
is  kept,  then  the  greater  number  introduces  a  fresh 
element  of  difficulty  and  complexity.  Moreover,  within 
the  same  species,  the  individuals  seem  to  differ  in 
character,  and  even  the  same  individual  will  behave 
very  differently  under  different  circumstances.  Al- 
though, then,  ants  have  attracted  the  attention  of  many 
of  the  older  naturalists, — Gould,  De  Geer,  Reaumur, 
Swammerdam,  Latreille,  Leuwenhoeck,  Huber, — and 
have  recently  been  the  object  of  interesting  obser- 
vations by  Frederick  Smith,  Belt,  Moggridge,  Bates^ 
Mayr,  Emery,  Forel,  McCook,  and  others,  they  still 
present  one  of  the  most  promising  fields  for  observation 
and  experiment. 

The  life  of  an  ant  falls  into  four  well-marked 
periods — ^those  of  the  eggj  of  the  larva  or  grub,  of  the 
pupa  or  chrysalis,  and  of  the  perfect  insect  or  imago. 
The  eggs  are  white  or  yellowish,  and  somewhat  elon- 
gated. They  are  said  to  hatch  about  fifteen  days  after 
being  laid.  Those  observed  by  me  have  taken  a  month 
or  six  weeks. 

The  larvae  of  ants  (PL  V.  fig.  3),  like  those  of  bees 
and  wasps,  are  small,  white,  legless  grubs,  somewhat 
conical  in  form,  being  narrow  towards  the  head. 
They  are  carefully  tended  and  fed,  being  carried  about 
from  chamber  to  chamber  by  the  workers,  probably  in 
order  to  secure  the  most  suitable  amount  of  warmth 
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LABVA— PUPA.  7 

and  moisture.  I  have  observed,  also,  that  they  are 
very  often  assorted  according  to  age.  It  is  sometimes 
very  curious  in  my  nests  to  see  them  arranged  in 
groups  according  to  size,  so  that  they  remind  one  of 
a  school  divided  into  five  or  six  classes. 

As  regards  the  length  of  life  of  the  larvae,  Forel 
supposed*  that  those  of  Tapinoma  matured  the 
quickest,  and  were  full-grown  in  about  six  or  seven 
weeks.  Some  of  Myrmica  ruginodisy  however,  ob- 
served by  me,  turned  into  pupae  in  less  than  a  month. 
In  other  cases  the  period  is  much  longer.  In  certain 
species,  Lasiue  flaws,  for  instance,  some  of  the  larvae 
live  through  the  winter. 

When  full  grown  they  turn  into  pupae  (PI.  V.  fig.  4), 
sometimes  naked,  sometimes  covered  with  a  silken 
cocoon,  constituting  the  so-called  *  ant-eggs.'  We  do 
not  yet  understand  why  some  larvae  spin  cocoons,  while 
others  remain  naked.  As  a  general  rule,  the  species 
which  have  not  a  sting,  spin  a  cocoon,  while  those  which 
have,  are  naked.  Latreille  was  the  first  to  observe  that 
in  one  q)ecies  (F.  fusca)  the  pupae  sometimes  spin  a 
cocoon,  and  sometimes  remain  naked.  The  reason  for 
this  difference  is  still  quite  unknown.  After  remaining 
some  days  in  this  state  they  emerge  as  perfect  insects. 
In  many  cases,  however,  they  would  perish  in  the 
attempt,  if  they  were  not  assisted ;  and  it  is  very  pretty 
to  see  the  older  ants  helping  them  to  extricate  them- 

'  Ze$  Foumm  de  la  Suiste,  p.  420. 
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selves,  carefully  unfolding  their  legs  and  smoothing 
out  the  wings,  with  truly  feminine  tenderness  and 
delicacy.  Our  countryman  Gould  was  the  first  to 
observe,  and  the  fact  has  since  been  fully  confirmed 
by  Forel,  that  the  pupae  are  unable  to  emerge  firom  the 
cocoons  without  the  assistance  of  the  workers.  The 
ants  generally  remain  from  three  to  four  weeks  in 
this  condition. 

In  the  case  of  ants,  as  with  other  insects  which  pass 
through  similar  metamorphoses,  such  as  bees,  wasps, 
moths,  butterflies,  flies,  and  beetles,  &c.,  the  larval 
stage  is  the  period  of  growth.  During  the  chrysalis 
stage,  though  immense  changes  take  place,  and  the 
organs  of  the  perfect  insect  are  more  or  less  rapidly 
developed,  no  food  is  taken,  and  there  is  no  addition 
to  the  size  or  weight. 

The  imago  or  perfect  insect  again  takes  food,  but 
does  not  grow.  The  ant,  like  all  the  insects  above 
named,  is  as  large  when  it  emerges  firom  the  pupa  as  it 
ever  will  be ;  excepting,  indeed,  that  the  abdomen  of 
the  females  sometimes  increases  in  size  from  the  de- 
velopment of  the  eggs. 

We  have  hitherto  very  little  information  as  to  the 
length  of  life  in  ants  in  the  imago,  or  perfect,  state. 
So  faXf  indeed,  as  the  preparatory  stages  are  concerned, 
there  is  little  difficulty  in  approximately  ascertaining 
the  &cts;  namely,  that  while  in  summer  they  take 
only  a  few  weeks ;  in  some  species,  as  our  small  yellow 
meadow  ants,  the  autumn  larvse  remain  with  compara- 
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tively  little  change  throughout  the  winter.  It  is  much 
more  difficult  to  ascertain  the  length  of  life  of  the 
perfect  insect,  on  account  of  their  gregarious  habits, 
and  the  difficulty  of  recognising  individual  ants.  I 
have  found,  however,  as  we  shall  presently  see,  that 
their  life  is  much  longer  than  has  been  generally 
supposed. 

It  is  generally  stated  in  entomological  works  that  the 
males  of  ants  die  almost  immediately.  No  doubt  this 
is  generally  the  case.  At  the  same  time,  some  males 
of  Myrmica  rugiTUxUsj  which  I  isolated  with  their 
mates  in  August  1876,  lived  until  the  following  spring; 
one  of  them  tiU  May  17. 

It  has  also  been  the  general  opinion  that  the 
females  lived  about  a  year.  CJhrist*  indeed  thought 
they  might  last  three  or  even  four  seasons,  but  this 
was  merely  a  suggestion,  and"  Forel  expressed  the 
general  opinion  when  he  said,  *  Je  suis  persuade  qu'en 
■automne  il  ne  reste  presque  plus  que  les  ouvriferes 
•ecloses  pendant  le  courant  de  I'^t^.'  The  average 
life  of  a  queen  is  also,  he  thinks,  not  more  than  twelve 
months.  I  have  foimd,  however,  that  the  life  of  the 
queens  and  workers  is  much  longer  than  had  been  sup- 
posed. I  shall  give  farther  details  in  a  subsequent 
chapter,  but  I  may  just  mention  here  that  I  have  now 
^December  1881)  two  queens  which  have  lived  with 
me  since  the  year  1874.    They  must  therefore  be  at 

>  Naturgetchiekte  der  Jntekten, 
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least  seven  years  old,  and  seem  still  quite  strong  and 
well.  I  have  also  some  workers  which  I  have  had  in 
my  nests  since  1875. 

The  body  of  an  ant  consists  of  three  parts :  the- 
head,  thorax,  and  abdomen. 

The  head  bears  the  principal  organs  of  sense,  and 
contains  the  brain,  as  the  anterior  portion  of  the- 
nervous  system  may  fairly  be  called. 

The  thorax,  supporting  the  legs,  and  when  they  are- 
present,  the  wings,  contains  the  principal  muscles  of 
locomotion. 

The  abdomen  contains  the  stomach  and  intestines,, 
the  organs  of  reproduction,  the  sting,  &c. 

Betuming  to  the  head :  the  antennae  consist  of  a 
short  spherical  basal  piece,  a  long  shaft,  known  as  the- 
scape,  and  a  flagellum  of  from  six  to  seventeen  (gene- 
rally, however,  from  ten  to  thirteen)  short  segments, 
the  apical  ones  sometimes  forming  a  sort  of  club.  The 
number  of  segments  is  generally  different  in  the  males 
and  females. 

The  eyes  are  of  two  kinds.  Large  compound  eyes,  one 
on  each  side  of  the  head ;  and  ocelli,  or  so-called  simple 
eyes.  The  compound  eyes  consist  of  many  facets.  The- 
number  differs  greatly  in  different  species,  and  in  the 
different  sexes,  the  males  generally  having  the  greatest 
number.  Thus,  in  Formica  pratensia  there  are^ 
according  to  Forel,  in  the  males  about  1,200  in  each 
eye,  in  the  fertile  females  between  800  and  900,  in  the 
workers  about  600.    Where  the  workers  vary  in  size 
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they  differ  also  in  the  number  of  &eets.  Thus,  again 
following  the  same  authority,  the  large  workers  of 
Cam/ponotvs  ligniperd/as  have  500,  the  smaller  ones 
only  450 ;  while  in  the  Harvesting  ant  (^Atta  barbara) 
the  contrast  is  even  greater,  the  large  specimens 
having  230,  the  small  ones  only  from  80  to  90.  The 
ordinary  workers  have  in  Polyergua  rufeacens  about 
400 ;  in  Laaiua  fuUgmoaua,  200 ;  in  Twpvaoma  erra^ 
ticvmij  100 ;  in  Plagiolepis  pygmcea,  70  to  80 ;  in 
L(t8iu8  flavusy  about  80  ;  in  Botkriomyrmex  meri^ 
dionalisy  55 ;  in  StrongylogTiathua  testaceuSj  SteTiamma 
Weatwoodiiy  and  Tetramorium  ccespiturrij  about  45 ; 
in  Pheidole  palUdulay  about  30 ;  Myrmeoma  La- 
treiilei^  15 ;  Solenopaia  fugax,  6  to  9 ;  while  in  Ponera 
contracta  there  are  only  from  1  to  5 ;  in  Edton  only  1 ; 
and  in  Typhlopone  the  eyes  are  altogether  wanting. 

The  number  of  facets  seems  to  increase  rather  with 
the  size  of  the  species  than  with  the  power  of  vision. 

The  ocelli  are  never  more  than  three  in  number, 
disposed  in  a  triangle  with  the  apex  in  front.  Some- 
times the  anterior  ocellus  alone  is  present.  In  some 
species  the  workers  are  altogether  without  ocelli,  which, 
however,  are  always  present  in  the  queens  and  in  the 
males. 

The  mouth  parts  are  the  labrum,  or  upper  lip ;  the 
first  pair  of  jaws  or  mandibles  ;  the  second  pair  of  jaws 
or  maxillae,  which  are  provided  with  a  pair  of  palpi, 
or  feelers ;  and  the  lower  lip,  or  labimn,  also  bearing 
a  pair  of  palpi. 
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The  thorax  is  generally  considered  to  consist,  as  in 
other  insects,  of  three  divisions— the  prothoraz,  meso- 
thorax,  and  metathorax.  I  have  elsewhere,  however, 
given  reasons  into  which  I  will  not  at  this  moment 
enter,  for  considering  that  the  first  abdominal  segment 
has  in  this  group  coalesced  with  the  thorax.  The 
thorax  bears  three  pairs  of  legs,  consisting  of  a  coxa, 
trochanter,  femur,  tibia  and  tarsus,  the  latter  composed 
of  five  segments  and  terminating  in  a  pair  of  strong 
•claws* 

In  the  males*  and  females  the  meso-  and  meta- 
thorax each  bear  a  pair  of  wings,  which,  however,  are 
^stripped  off  by  the  insects  themselves  soon  after  the 
marriage  flight. 

The  workers  never  possess  wings,  nor  do  they  show 
even  a  rudimentary  representative  of  these  organs. 
Dr.  Dewitz  has  pointed  out  that  the  full-grown  larvae 
of  the  workers  possess  well-developed  ^  imaginal  disks,' 
like  those  which,  in  the  males  and  females,  develope 
into  the  wings.  These  disks,  during  the  pupal  life, 
gradually  become  atrophied,  until  in  the  perfect  insects 
they  are  represented  only  by  two  strongly  chitinised 
points  lying  under  the  large  middle  thoracic  stigmas. 
No  one  unacquainted  with  the  original  history  of 
these  points  would  ever  suspect  them  to  be  the  rudi- 
mentary remnants  of  ancestral  wings.^ 

The  thorax  also  bears  three  pairs  of  spiracles,  or 
breathing  holes. 

*  ZeU.f,  rviss.  Zool,  vol.  xxviii.  p.  656. 
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The  abdomen  consists  of  six  segments,  in  the  queens 
and  workers,  that  is  to  say  in  the  females,  and  seven  in 
the  males.  The  first  segment,  as  a  general  rule,  in  the 
Formicidae  forms  a  sort  of  peduncle  (known  as  the  scale 
or  knot)  between  the  metathorax  and  the  remainder  of 
the  abdomen.  In  the  Myrmicidae  two  segments  are 
thus  detached  fix)m  the  rest. 

The  PoneridsB  form,  as  regards  the  peduncle,  and 
in  some  other  respects,  an  intermediate  group  between 
the  Formicidse  and  the  Myrmicidse.  The  second  abdo- 
minal segment  is  contracted  posteriorly,  but  not  so 
much  so  as  to  form  a  distinct  knot. 

The  form  of  the  knot  offers  in  many  cases  valuable 
specific  characters. 

I  have  sometimes  been  tempted  to  correlate  the 
existence  of  a  second  knot  among  the  Myrmicidse  with 
their  power  of  stinging,  which  is  wanting  in  the  For- 
micidae. Though  the  principal  mobility  of  the  abdomen 
is  given  in  the  former,  as  in  the  latter,  by  the  joint 
between  the  metathorax  and  the  knot,  still  the  second 
segment  of  the  pedimcle  must  increase  the  flexibility, 
which  would  seem  to  be  a  special  advantage  to  those 
species  which  have  a  sting.  It  must  indeed  be 
admitted  that  QEcophylla*  has  a  sting,  and  yet  only 
one  knot;  but  this,  of  course,  does  not  altogether 
negative  my  suggestion,  which,  however,  I  only  throw 
out  for  consideration. 

'  Proo.  Linn.  JSaCy  vol.  v.  p.  101. 
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The  knot  is  provided  with  a  pair  of  spiracles^ 
which  are  situated,  as  Forel  states,  in  the  fix)nt  of  the 
segment,  and  not  behind,  as  supposed  by  Latreille. 

In  most  entomological  Works  it  is  stated  that  the 
Myrmicidse  have  a  sting,  and  that,  on  the  contraiy^ 
the  Formicidse  do  not  possess  one.  The  latter  £Etmily, 
indeed,  possess  a  rudimentary  structure  representing 
the  sting,  but  it  seems  merely  to  serve  as  a  support  for 
the  poison  duct.  Dr.  Dewitz,  who  has  recently  pub- 
lished^ an  interesting  memoir  on  the  subject,  denies 
that  the  sting  in  Formicidse  is  a  reduced  organ,  and 
considers  it  rather  as  in  an  undeveloped  condition. 
The  ancestors  of  our  existing  Ants,  in  his  opinion, 
had  a  large  poison  apparatus,  with  a  chitinous  support 
like  that  now  present  in  Formica,  from  which  the 
formidable  weapons  of  the  bees,  wasps,  and  Myrmicidae 
have  been  gradually  developed.  I  confess  that  I  am 
rather  disposed,  on  the  contrary,  to  regard  the  con- 
dition of  the  organ  in  Formica  as  a  case  of  retrogres- 
ision  contingent  upon  disuse.  I  find  it  difficult  to 
suppose  that  organs — so  complex,  and  yet  so  similar — 
as  the  stings  of  ants,  bees,  and  wasps,  should  have 
been  developed  independently. 

Any  opinion  expressed  by  M.  Dewitz  on  such  a 
subject  is,  of  course,  entitled  to  much  weight ;  never- 
theless there  are  some  general  considerations  which 
seem  to  me  conclusive  against  his  view.     K  the  sting 

>  Zeit,f,  rvUs.  Zool.,  vol.  zzviii.  p.  627. 
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of  Formica  represents  a  hitherto  undeveloped  organ, 
then  the  original  ant  was  stingless,  and  the  present 
stings  of  ants  have  an  origin  independent  of  that 
belonging  to  the  other  aculeate  Hymenoptera,  such 
as  bees  and  wasps.  These  organs,  however,  are  so 
complex,  and  at  the  same  time  so  similarly  constituted, 
that  they  must  surely  have  a  common  origin*  Whether 
the  present  sting  is  derived  from  a  leaf-cutting  instru- 
ment, such  as  that  from  which  the  sawfly  takes  its  name, 
I  will  at  present  express  no  opinion.  Dr.  Dewitz  him- 
self regards  the  rudimentary  traces  of  wings  in  the 
larvae  of  ants  as  the  remnants  of  once  highly-developed 
organs ;  why,  then,  should  he  adopt  the  opposite  view 
with  reference  to  the  rudimentary  sting?  On  the 
whole,  I  must  regard  the  ancestral  ant  as  having  pos- 
sessed a  sting,  and  consider  that  the  rudimentary  con- 
dition of  that  of  Formica  is  due  to  atrophy,  perhaps 
through  disuse. 

On  the  other  hand,  it  is  certainly,  at  first  sight,  diffi- 
cult to  understand  why  ants,  having  once  acquired  a 
sting,  should  allow  it  to  fell  into  desuetude.  There  are, 
however,  some  considerations  which  may  throw  a  certain 
light  on  the  subject.  The  poison  glands  are  much  larger 
in  Formica  than  in  Myrmica.  Moreover,  some  species 
have  the  power  of  ejecting  their  poison  to  a  consider- 
able distance.  In  Switzerland,  after  disturbing  a  nest 
of  Formica  rufa,  or  some  nearly  allied  species,  I  have 
found  that  a  hand  held  as  much  as  18  inches  above  the 
ants  was  covered  with  acid.    But  even  when  the  poison 
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is  not  thus  fired  at  the  enemy  from  a  distance,  there 
are  two  cases  in  which  the  acnleus  might  be  allowed  to 
&11  into  disuse.  Firstly,  those  species  which  fight 
with  their  mandibles  might  find  it  on  the  whole  most 
convenient  to  eject  the  poison  (as  they  do)  into  the 
wounds  thus  created.  Secondly,  if  the  poison  itself  is 
so  intensified  in  virulence  as  to  act  through  the  skin, 
a  piercing  instrument  would  be  of  comparatively  small 
advantage*  I  was  amused  one.  day  by  watching  some 
specimens  of  the  little  Cremaatogaater  amxUchda  and 
the  much  larger  Formica  cmerea.  The  former  were 
feeding  on  some  drops  of  honey,  which  the  Formicas 
were  anxious  to  share,  but  the  moment  one  approached, 
the  little  Gremastogasters  simply  threatened  them 
with  the  tip  of  their  abdomen,  and  the  Formicas 
immediately  beat  a  hasty  retreat.  In  this  case  the 
comparatively  large  Formica  could  certainly  have  had 
nothing  to  fear  from  physical  violence  on  the  part  of 
the  little  Gremastogaster.  Mere  contact  with  the 
poison,  however,  appeared  to  cause  them  considerable 
pain,  and  generally  the  threat  alone  was  sufficient  to 
cause  a  retreat. 

However  this  may  be,  in  their  modes  of  fighting, 
different  species  of  ants  have  their  several  peculiarities. 
Some  also  are  much  less  military  than  others.  Myr^ 
mecvnob  LcUreiUii^  for  instance,  never  attack,  and 
scarcely  even  defend  themselves.  Their  skin  is  very 
hard,  and  they  roll  themselves  into  a  ball,  not  defend- 
ing themselves  even  if  their  nest  is  invaded ;  to  pre- 
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vent  which  they  make  the  entrances  small,  and  often 
station  at  each  a  worker,  who  uses  her  head  to  stc^ 
the  way.  The  smell  of  this  species  is  also,  perhaps,  a 
protection.  Tetramorium  ccespitum  has  the  habit  of 
feigning  death.  This  species,  however,  does  not  roll 
itself  up,  but  merely  applies  its  legs  and  antenna 
closely  to  the  body. 

Formica  mfa^  the  common  Horse  ant,  attacks  in 
serried  masses,  seldom  sending  out  detachments,  while 
dngle  ants  scarcely  ever  make  individual  attacks. 
They  rarely  pursue  a  flying  foe,  but  give  no  quarter, 
killing  as  many  enemies  as  possible,  and  never  hesi- 
tating, with  this  object,  to  sacrifice  themselves  for  the 
common  good. 

Formica,  aanguinea^  on  the  contrary,  at  least  in 
their  slave-making  expeditions,  attempt  rather  to 
terrify  than  to  kill.  Indeed,  when  invading  a  nest, 
they  do  not  attack  the  flying  inhabitants  unless  these 
are  attempting  to  carry  off  pupae,  in  which  case  the 
F.  acmgui/aeas  force  them  to  abandon  the  pupae* 
When  fighting,  they  attempt  to  crush  their  enemies 
with  their  mandibles. 

Formica  exaecta  is  a  delicate,  but  very  active 
species*  They  also  advance  in  serried  masses,  but  in 
close  quarters  they  bite  right  and  left,  dancing  about 
to  avoid  being  bitten  themselves.  When  fighting 
with  larger  species  they  spring  on  to  their  backs, 
and  then  seize  them  by  the  neck  or  by  an  antenna 
They  also  have  the  instinct  of  acting  together,  three 
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or  four  seizing  an  enemy  at  once,  and  then  pulling 
different  ways,  so  that  she  on  her  part  cannot  get  at 
any  one  of  her  foes.  One  of  them  then  jumps  on 
her  back  and  cuts,  or  rather  saws,  off  her  head.  In 
battles  between  this  ant  and  the  much  larger  F.  pror- 
tensia,  many  of  the  F.  exsectaa  may  be  seen  on  the 
backs  of  the  F.  pratenais^  sawing  off  their  heads  fix)m 
behind. 

The  species  of  Ladua  make  up  in  numbers  what 
they  want  in  strength.  Several  of  them  seize  an 
enemy  at  once,  one  by  each  of  her  legs  or  antennse, 
and  when  they  have  once  taken  hold  they  will  suffer 
themselves  to  be  cut  in  pieces  rather  than  leave  go. 

Polyergus  rufeacena,  the  celebrated  slave-making 
or  Amazon  ant,  has  a  mode  of  combat  ahnost  peculiar 
to  herself.  The  jaws  are  very  powerful,  and  pointed. 
If  attacked — if,  for  instance,  another  ant  seizes  her  by 
a  leg — she  at  once  takes  her  enemy's  head  into  her 
jaws,  which  generally  makes  her  quit  her  hold.  If  she 
does  not,  the  Polyergvs  closes  her  mandibles,  so  that 
the  points  pierce  the  brain  of  her  enemy,  paralysing 
the  nervous  system.  The  victim  falls  in  convulsions, 
setting  free  her  terrible  foe.  In  this  manner  a  com- 
paratively small  force  of  Polyergua  will  fearlessly 
attack  much  larger  armies  of  other  species,  and  suffer 
themselves  scarcely  any  loss. 

Under  ordinary  circumstances  an  ants'  nest,  like 
a  beehive,  consists  of  three  kinds  of  individuals: 
workers,  or  imperfect  females  (which  constitute  the 
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great  majority),  males,  and  perfect  females.  There 
are,  however,  often  several  queens  in  an  ants'  nest; 
while,  as  we  all  know,  there  is  never  more  than  one 
•queen  mother  in  a  hive.  The  queens  of  ants  are  pro- 
vided with  wings,  but  after  a  single  flight  they  tear 
them  off,  and  do  not  again  quit  the  nest.  In  ad- 
dition to  the  ordinary  workers  there  is  in  some  species 
a  second,  or  rather  a  third,  form  of  female.  In  almost 
any  ants'  nest  we  may  see  that  the  workers  differ  more 
or  less  in  size.  The  amoimt  of  difference,  however, 
•depends  upon  the  species.  In  Laaius  niger,  the  small 
brown  garden  ant,  the  workers  are,  for  instance,  much 
more  uniform  than  in  the  little  yellow  meadow  ant^ 
or  in  Atta  harhara  (PI.  II.  figs.  1  and  2),  where  some 
of  them  are  much  more  than  twice  as  large  as  others. 
But  in  certain  ants  there  are  differences  still  more  re- 
markable. Thus,  in  a  Mexican  species,  Myrmecocystua,^ 
besides  the  common  workers,  which  have  the  form  of 
ordinary  neuter  ants,  there  are  certain  others  in  which 
the  abdomen  is  swollen  into  an  immense  sub-diapha- 
nous sphere.  These  individuals  are  very  inactive,  and 
principally  as  living  honey-jars.  I  have  described  in  a 
subsequent  page  a  species  of  Camponotua  (PI.  IV. 
fig.  1)  from  Australia,  which  presents  us  with  the  same 
remarkable  phenomenon.  In  the  genus  Pheidole  (PI. 
•  II.  figs.  3  and  4),  very  common  in  southern  Europe, 
there  are  also  two  distinct  forms  without  any  interme- 
diate gradations ;  one  with  heads  of  the  usual  propor- 

1  Wesmael,  Bull.  Acad.  Roy.  BruxeUes,  vol.  v.  p.  771. 
c  2 
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tion,  and  a  second  with  immense  heads  provided  with 
very  large  jaws.  This  difiFerentiation  of  certain  indi- 
viduals  so  as  to  adapt  them  to  special  functions  seem& 
to  me  very  remarkable;  for  it  must  be  remembered 
that  the  diflference  is  not  one  of  age  or  sex.  The  large- 
headed  individuals  are  generally  si4>posed  to  act  a& 
soldiers,  and  the  size  of  the  head  enables  the  muscles- 
which  move  the  jaws  to  be  of  unusual  dimensions ;  but 
the  little  workers  are  also  very  pugnacious.  Indeed^ 
in  some  nests  of  Pheidole  megacephalay  which  I  had 
for  some  time  under  observation,  the  small  workera 
were  quite  as  ready  to  fight  as  the  large  ones. 

Again,  in  the  genus  Colobopsia  Emery  discovered 
that  two  ants,  then  supposed  to  be  different  species,  and 
known  as  Colobopsia  truTicata  and  C.fusdpeSj  are  really 
only  two  forms  of  one  species.  In  this  case  the  entrance 
to  the  nest  is  guarded  by  the  large-headed  form,  which 
may  therefore  fairly  be  called  a  soldier. 

Savage  observed  among  the  Driver  Ants,  where  also' 
there  are  two  kinds  of  workers,  that  the  large  one& 
arranged  themselves  on  each  side  of  the  column  formed 
by  the  small  ones.  They  acted,  he  says,  evidently  the 
part  of  guides  rather  than  of  guards.  At  times  they 
place  *  their  abdomen  horizontally  on  the  ground,  and 
laying  hold  of  fixed  points  with  their  hind  feet  (which 
together  thus  acted  as  a  fulcrum),  elevate  the  anterior  - 
portion  of  their  bodies  to  the  highest  point,  open  wide 
their  jaws,  and  stretch  forth  their  antennse,  which  for 
the  most  part  were  fixed,  as  if  in  the  act  of  listening 
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and  watching  for  approaching  danger.  They  would 
occasionally  drop  their  bodies  to  the  ground  again,  run 
oflF  to  one  side,  and  fiercely  work  their  jaws  and  antennse, 
as  if  having  detected  some  strange  sounds  in  the  dis- 
tance. Discerning  nothing,  they  would  quickly  return 
to  their  posts  and  resume  their  positions,  thus  acting 
as  scouts.'^ 

The  same  thing  has  been  noticed  by  other  natu- 
ralists. Bates,  for  instance,  states  that  in  the  marching 
columns  of  Edton  drepanophora  the  large-headed 
workers  *all  trotted  along  empty-handed  and  outside 
the  column,  at  pretty  regular  intervals  from  each  other, 
like  subaltern  oflScers  in  a  marching  regiment.  .  .  I 
did  not  see  them  change  their  position,  or  take  any 
notice  of  their  small-headed  comrades;'  and  he  says 
that  if  the  colimm  was  disturbed  they  appeared  less 
pugnacious  than  the  others. 

In  other  species,  however,  of  the  same  genus,  Edton 
vastator  and  JF.  &rr<itica,  which  also  have  two  distinct 
kinds  of  workers,  the  ones  with  large  heads  do  appear 
to  act  mainly  as  soldiers.  When  a  breach  is  made  in 
one  of  their  covered  ways,  the  small  workers  set  to 
work  to  repair  the  damage,  while  the  large-headed  ones 
issue  forth  in  a  menacing  manner,  rearing  themselves 
up  and  threatening  with  their  jaws. 

In  the  Sauba  Ant  of  South  America  {jEcodoma 
cephalotes),  the   complexity  is  carried   still  furthers 

»  Eev.  T.  S.  Savage  on  the  'Habits  of  the  Driver  Ants,*  Trans, 
Bnt,  Soe.,  vol.  v.  p.  12. 
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Lund*  pointed  out  that  there  were  two  difiFerent  kind» 
of  workers,  but  Bates  has  since  shown  that  there  are 
in  this  species  no  less  than  five  classes  of  individuals,, 
namely:  1.  Males.  2.  Queens.  3.  Small  ordinary 
workers  (PI.  III.  fig.  2).  4.  Large  workers  (PL  III., 
fig.  1),  with  very  large  hairy  heads.  5.  Large  workers, 
with  large  polished  heads.  Bates  never  saw  either  of 
these  two  last  kinds  do  any  work  at  all,  and  was  not 
able  to  satisfy  himself  as  to  their  functions.  They 
have  also  been  called  soldiers,  but  this  is  obviously  a 
misnomer — at  least,  they  are  said  never  to  fight.  Bates 
suggests^  that  they  may  *  serve,  in  some  sort,  as  passive 
instruments  of  protection  to  the  real  workers.  Their 
enormously  large,  hard,  and  indestructible  heads  may 
be  of  use  in  protecting  them  against  the  attacks  of 
insectivorous  animals.  They  would  be,  on  this  view,  a 
kind  of  pikies  de  resistance^  serving  as  a  foil  against 
onslaughts  made  on  the  niain  body  of  workers.' 

This  does  not,  I  confess,  appear  to  me  a  probable 
explanation  of  the  feet,  and  on  the  whole  it  seems  that 
the  true  function  of  these  large-headed  forms  is  not 
yet  satisfactorily  explained. 

The  question  then  arises  whether  these  different 
kinds  of  workers  are  produced  from  different  eggs. 

I  am  disposed  to  concur  with  Westwood  in  the 
opinion^  Hhat  the  inhabitants  of  the  nest  have  the 
instinct  so  to  modify  the  circumstances  producing  this 

>  Ann,  des  Sci.  Nat,  1831,  p.  122.  «  Loc.  cit.,  p.  31, 

^  Modem  Classification  of  Insects,  vol.  ii.  p.  225. 
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state  of  imperfection,  that  some  neuters  shall  exhibit 
characters  at  variance  with  those  of  the  common  kind.' 
This,  indeed,  credits  them  with  a  very  remarkable 
instinct,  and  yet  I  see  no  more  probable  mode  of  ac- 
counting for  the  facts.  Moreover,  the  exact  mode  by 
which  the  difiFerences  are  produced  is  still  entirely 
unknown. 

M.  Forel,  in  his  excellent  work  on  ants,  has  pointed 
out  that  very  young  ants  devote  themselves  at  first  to 
the  care  of  the  larvae  and  pupse,  and  that  they  take  no 
share  in  the  defence  of  the  nest  or  other  out-of-door 
work  until  they  are  some  days  old.  This  seems  natural, 
because  at  first  their  skin  is  comparatively  soft ;  and  it 
would  clearly  be  undesirable  for  them  to  undertake  rough 
work  or  run  into  danger  until  their  armour  had  had 
time  to  harden.  There  are,  however,  reasons  for  think- 
ing that  the  division  of  labour  is  carried  still  further.  I 
do  not  allude  merely  to  those  cases  in  which  there  are 
completely  different  kinds  of  workers,  but  even  to  the 
ordinary  workers.  In  L,  jlavus^  for  instance,  it  seems 
probable  that  the  duties  of  the  small  workers  are 
somewhat  different  from  those  of  the  large  ones, 
though  no  such  division  of  labour  has  yet  been  detected. 
I  shall  have  to  record  some  further  observations  point- 
ing in  the  same  direction. 

The  nests  of  ants  may  be  divided  into  several 
classes.  Some  species,  such  as  our  common  Horse  ant 
{Formica  rufa\  collect  large  quantities  of  materials, 
such  as  bits  of  stick,  fir  leaves,  &c.,  which  they  heap 


Digitized  by 


Google 


24  HABITATIONS  OF  ANTS. 

up  into  conical  masses.  Some  construct  their  nests  of 
earth,  the  cells  being  partly  above,  partly  below,  the 
natural  level.  Some  are  entirely  underground,  others 
eat  into  the  trunks  of  old  trees. 

In  warmer  climates  the  variations  are  still  more 
numerous.  Formica  Hapinoaa,  of  Cayenne,  forms  its 
nest  of  the  cottony  matter  from  Ihe  capsules  of  Bombay. 
Sykes  has  described^  a  species  of  Myrmica  which 
builds  in  trees  and  shrubs,  the  nest  consisting  of  thin 
leaves  of  cow-dung,  arranged  like  tiles  on  the  roof  of  a 
house ;  the  upper  leaf,  however,  covering  the  whole. 

In  some  cases  the  nests  are  very  extensive.  Bates 
mentions  that  while  he  was  at  Par&  an  attempt  was 
made  to  destroy  a  nest  of  the  Sauba  ants  by  blowing 
into  it  the  fumes  of  sulphur,  and  he  saw  the  smoke 
issue  from  a  g^eat  number  of  holes,  some  of  them  not 
less  than  seventy  yards  apart. 

A  community  of  ants  must  not  be  confused  with  an 
ant  hill  in  the  ordinary  sense.  Very  often  indeed  a 
community  has  only  one  dwelling,  and  in  most  species 
seldom  more  than  three  or  four.  Some,  however,  form 
numerous  colonies.  M.  Forel  even  found  a  case  in 
which  one  nest  of  F.  exsecta  had  no  less  than  two 
hundred  colonies,  and  occupied  a  circular  space  with  a 
radius  of  nearly  two  hundred  yards.  Within  this  area 
they  had  exterminated  all  the  other  ants,  except  a  few 
nests  of  Tapmoma  erraticumj  which  survived,  thanks 
to  their  great  agility.  In  these  cases  the  number  of 
»  Tram,  Ent,  Soe^j  vol.  i. 
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ants  thus  associated  together  must  have  been  enor- 
mous. Even  in  single  nests  Forel  estimates  the 
numbers  at  from  five  thousand  to  half  a  million. 

Ants  also  make  for  themselves  roads.  These  are 
not  merely  worn  by  the  continued  passage  of  the  ants, 
as  was  supposed  by  Christ,  but  are  actually  prepared  by 
the  ants,  rather  however  by  the  removal  of  obstacles, 
than  by  any  actual  construction,  which  would  indeed 
not  be  necessary,  the  weights  to  be  carried  being  so 
smalL  In  some  cases  these  roadways  axe  arched  over 
with  earth,  so  as  to  form  covered  ways.  In  others,  the 
ants  excavate  regular  subterranean  tunnels,  sometimes 
of  considerable  length.  The  Bev.  Hamlet  Clark  even 
assures  us  that  he  observed  one  in  South  America,  which 
passed  imder  the  river  Parahyba  at  a  place  where  it  was 
as  broad  as  the  Thames  at  London  Bridge.  I  confess, 
however,  that  I  have  my  doubts  as  to  this  case,  for  I 
do  not  understand  how  the  continuity  of  the  tunnel  was 
ascertained. 

The  food  of  ants  consists  of  insects,  great  numbers 
of  which  they  destroy ;  of  honey,  honeydew,  and  firuit : 
indeed,  scarcely  any  animal  or  sweet  substance  comes 
amiss  to  them.  Some  species,  such,  for  instance,  as 
the  small  brown  garden  ant  {Lasma  niger,  PI.  I.  fig.  1), 
ascend  bushes  in  search  of  aphides.  The  ant  then 
taps  the  aphis  gently  with  her  antennae,  and  the  aphis 
emits  a  drop  of  sweet  fluid,  which  the  ant  drinks.  Some- 
times the  ants  even  build  covered  ways  up  to  and  over 
-the  aphides,  which,  moreover,  they  protect  from  the 
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attacks  of  other  insects.  Our  English  ants  do  not 
store  up  provision  for  the  winter ;  indeed,  their  food 
is  not  of  a  nature  which  would  admit  of  this.  I  have 
indeed  observed  that  the  small  brown  ant  sometimes 
carries  seeds  of  the  violet  into  its  nest,  but  for  what 
purpose  is  not  clear.  Some  of  the  southern  ants, 
however,  lay  up  stores  of  grain  {see  Chapter  III.). 

Ants  have  many  enemies.  They  themselves,  and 
still  more  their  young,  are  a  favourite  food  of  many 
animals.  They  are  attacked  also  by  numerous  para- 
sites. If  a  nest  of  the  brown  ants  is  disturbed  at  any^ 
time  during  the  summer,  some  small  flies  may  probably^ 
be  seen  hovering  over  the  nest,  and  every  now  and 
then  making  a  dash  at  some  particular  ant.  These 
flies  belong  to  the  genus  Phora,  and  to  a  species  hitherto- 
unnamed,  which  Mr.  Verrall  has  been  good  enough  to* 
describe  for  me  (see  Appendix).  They  lay  their  eggs 
on  the  ants,  inside  which  the  larvae  live.  Other  species 
of  the  genus  are  in  the  same  way  parasitic  on  bees. 
Ants  are  also  sometimes  attacked  by  mites.  On 
one  occasion  I  observed  that  one  of  my  ants  had  a 
mite  attached  to  the  underside  of  its  head.  The  mite,, 
which  maintained  itself  for  more  than  three  months  in 
the  same  position,  was  almost  as  large  as  the  head.* 
The  ant  could  not  remove  it  herself.  Being  a  queen,, 
she  did  not  come  out  of  the  nest,  so  that  I  could  not 
do  it  for  her,  and  none  of  her  own  companions  thought 
of  performing  this  kind  office. 

In  character  the  different  species  of  ants  difier  very 
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much  from  one  another.  F.  fvsca  (PL  I.  fig,  3),  the 
one  which  is  pre-eminently  the  *  slave'  ant,  is,  as 
might  be  expected,  extremely  timid  ;  while  the  nearly 
allied  F.  dnerea  has,  on  the  contrary,  a  considerable 
amount  of  individual  audacity.  F.  rufa  (PI.  !!•  fig.  5\ 
the  horse,  ant,  is,  according  to  M.  Forel,  especially 
characterised  by  the  want  of  individual  initiative^ 
and  always  moves  in  troops ;  he  also  regards  the 
genus  Formica  as  the  most  brilliant ;  though  others 
excel  it  in  other  respects,  as,  for  instance,  in  the 
sharpness  of  their  senses.  F.  pratensis  worries  its 
slain  enemies ;  F-  aanguinea  (PI.  I.  fig.  6)  never 
does  so.  The  slave-making  ant  (P.  rufescens,  PL  I. 
fig.  5)  is,  perhaps,  the  bravest  of  all.  If  a  single  indi- 
vidual finds  herself  surrounded  by  enemies,  she  never 
attempts  to  fly,  as  any  other  ant  would,  but  transfixes 
her  opponents  one  after  another,  springing  right  and 
left  with  great  agility,  till  at  length  she  succumbs,, 
overpowered  by  numbers.  M.  acabrinodis  is  cowardly 
and  thievish;  during  wars  among  the  larger  species 
they  haunt  the  battle-fields  and  devour  the  dead. 
Tetramorium  is  said  to  be  very  greedy ;  Myrmedna 
very  phlegmatic. 

In  industry  ants  are  not  surpassed  even  by  bees 
and  wasps.  They  work  all  day,  and  in  warm  weather^ 
if  need  be,  even  at  night  too.  I  once  watched  an  ant 
from  six  in  the  morning,  and  she  worked  without 
intermission  till  a  quarter  to  ten  at  night.  I  had  put 
her  to  a  saucer  containing  larvae,  and  in  this  time  she 
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<ja2Tied  ofiF  no  less  than  a  hundred  and  eighty-seven  to 
the  nest.  I  had  another  ant,  which  I  employed  in  my 
experiments,  under  continuous  observation  several  days. 
When  I  started  for  London  in  the  morning,  and  again 
when  I  went  to  bed  at  night,  I  used  to  put  her  in  a 
small  bottle,  but  the  moment  she  was  let  out  she 
began  to  work  again.  On  one  occasion  I  was  away 
from  home  for  a  week.  On  my  return  I  took  her  out 
of  the  bottle,  placing  her  on  a  little  heap  of  larvae 
^bout  three  feet  from  the  nest.  Under  these  circum- 
stances I  certainly  did  not  expect  her  to  return.  How- 
ever, though  she  had  thus  been  six  days  in  confine- 
ment, the  brave  little  creature  immediately  picked  up 
a  larva,  carried  it  oflf  to  the  nest,  and  after  half  an 
tour's  rest  returned  for  another. 

Our  countryman  Grould  noticed^  certain  *  amuse- 
ments '  or  *  sportive  exercises,'  which  he  had  observed 
among  ants.  Huber  also  mentions  ^  scenes  which  he 
liad  witnessed  on  the  surface  of  ant  hills,  and  which, 
he  says,  *  I  dare  not  qualify  with  the  title  gymnastic, 
although  they  bear  a  close  resemblance  to  scenes  of 
that  kind.'  The  ants  raised  themselves  on  their  hind 
legs,  caressed  one  another  with  their  antennae,  engaged 
in  mock  combats,  and  almost  seemed  to  be  playing 
hide  and  seek.  Forel  entirely  confirms  Ruber's  state- 
ments, though  he  was  at  first  incredulous.  He 
says:*— 

*  An  Aocoimt  of  JEnglish  Ants,  p.  103. 
«  yat.  Mit.  qfAnts,  p.  197.  •  Zoo,  cit.,  p.  367 
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*  Malgre  Texactitude  avec  laquelle  il  decrit  ce  fait^ 
j'avais  peine  k  y  croire  avant  de  Tavoir  vu  moi-mdme, 
mais  une  fourmili^re  pratensis  m'en  donna  Pexemple  k 
plusieurs  reprises  lorsque  je  I'approchai  avec  precaution, 
Des  5  (i*e.  workers)  se  saisissaient  par  les  pattes  ou 
par  les  mandibales,  se  roulaient  par  terre,  puis  se 
retachaient,  s'entrainaient  les  unes  les  autres  dans  les 
trous  de  leur  dome  pour  en  ressortir  aussitot  aprds,  etc. 
Tout  cela  sans  aucun  achamement,  sans  venin ;  il  ^tait 
evident  que  c'etait  purement  amical.  Le  moindre 
souffle  de  ma  part  mettait  aussitot  fin  k  ces  jeux.. 
J'avoue  que  ce  fait  pent  paraitre  imaginaire  k  qui  ne 
Pa  pas  vu,  quand  on  pense  que  Tattrait  des  sexes  ne 
pent  en  fetre  cause.' 

Bates,  also,  in  the  case  of  Eciton  legionis^  observed 
behaviour  which  looked  to  him  *  like  simple  indulgence 
in  idle  amusement,  the  conclusion,'  he  says,  ^  that  the 
ants  were  engaged  merely  in  play  was  irresistible.'  ^ 

,  Lastly,  I  may  observe  that  ants  are  very  cleanly 
animals,  and  assist  one  another  in  this  respect.  I  have 
often  seen  them  licking  one  another.  Those,  moreover, 
which  I  painted  for  facility  of  recognition  were  gradu- 
ally cleaned  by  their  friends. 

'  Zoc.  cit.t  vol.  iL  p.  362. 
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CHAPTEE  IL 

ON   THE  FORMATION  AND   MAINTENANCE  OF  NESTS,   AND 
ON   THE   DIVISION  OF  LABOUR- 

It  is  remarkable  that  notwithstanding  the  researches  of 
so  many  excellent  observers,  and  though  ants'  nests 
swarm  in  every  field  and  every  vood,  we  did  not  know 
how  their  nests  commence. 

Three  principal  modes  have  been  suggested.  After 
the  marriage-flight  the  yoimg  queen  may  either — 

1.  Join  her  own  or  some  other  old  nest ; 

2.  Associate  herself  with  a  certain  number  of 
workers,  and  with  their  assistance  commence  a  new 
nest ;  or 

3.  Found  a  new  nest  by  herself. 

The  question  can  of  course  only  be  settled  by  ob- 
servation, and  the  experiments  made  to  determine  it 
had  hitherto  been  indecisive. 

Blanchard,  indeed,  in  his  work  on  the  *  Metamor- 
phoses of  Insects '  (I  quote  from  Dr.  Duncan's  transla- 
tion, p.  205),  says : — '  Huber  observed  a  solitary*female 
go  down  into  a  small  under-ground  hole,  take  oflF  her 
own  wings,  and  become,  as  it  were,  a  worker ;  then  she 
constructed  a  small  nest,  laid  a  few  eggs,  and  brought 
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up  the  larvae  by  acting  as  mother  and  nurse  at  the  same 
time/ 

This,  however,  is  not  a  correct  version  of  what 
Huber  says.  His  words  are : — *  I  enclosed  several  females 
in  a  vessel  full  of  light  humid  earth,  with  which  they 
constructed  lodges,  where  they  resided,  some  singly, 
others  in  common.  They  laid  their  eggs  and  took  great 
care  of  them ;  and  notwithstanding  the  inconvenience 
of  not  being  able  to  vary  the  temperature  of  their  habi- 
tation, they  reared  some,  which  became  larvae  of  a 
tolerable  size,  but  which  soon  perished  from  the  effect 
of  my  own  negligence.'  * 

It  will  be  observed  that  it  was  the  eggs,  not  the 
larvae,  which,  according  to  Huber,  these  isolated  females 
reared.  It  is  true  that  he  attributes  the  early  and  imi- 
form  death  of  the  larvae  to  his  own  negligence,  but  the 
{act  remains  that  in  none  of  his  observations  did  an 
isolated  female  bring  her  offspring  to  maturity. 

Other  entomologists,  especially  Forel  and  Ebrard, 
have  repeated  the  same  observations  with  similar  results; 
and  as  yet  in  no  single  case  had  an  isolated  female  been 
known  to  bring  her  yoimg  to  maturity.  Forel  even 
thought  himself  justified  in  concluding,  from  his  ob- 
servations and  from  those  of  Ebrard,  that  such  a  fact 
could  not  occur. 

Lepeletier  de  St.  Fargeau  ^  was  of  opinion  that  ants' 
nests  originate  in  the  second  mode  indicated  above,  and 

»  Natwral  Higtory  of  AnU,  Huber,  p.  121. 

2  HUt,  Nat.  des  Ins.  Hym^nopthrei,  vol.  i.  p.  143. 
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it  is,  indeed,  far  from  improbable  that  this  may  occur* 
No  clear  case  has,  however,  yet  been  observed,  M.  de 
St.  Fargeau  himself  observes  *  that  *  les  particolarit^s 
qui  accompagnent  la  formation  premiere  dHme  four- 
mili^re  sont  encore  incertaines  et  m^riteraient  d*6tre 
observ^es  avec  soin.' 

Under  these  circumstances  I  made  the  following 
experiments : — 

la.  I  took  an  old,  fertile,  queen  from  a  nest  of 
LasiuB  flavuSy  and  put  her  to  another  nest  of  the  same 
species.  The  workers  became  very  excited  and  attacked 
her. 

6.  I  repeated  the  experiment,  with  the  same  result. 

c.  Do.  do.  In  this  case  the  nest  to  which  the  queen 
was  transferred  was  without  a  queen ;  still  they  would 
not  receive  her. 

d  and  6.   .Do.  do.  do. 

I  conclude,  then,  that,  at  any  rate  in  the  case  of  i. 
jlavus^  the  workers  will  not  adopt  an  old  queen  from 
another  nest. 

The  following  observation  shows  that,  at  any  rate 
in  some  cases,  isolated  queen  ants  are  capable  of  giving 
origin  to  a  new  community. 

On  August  14,  1876,  I  isolated  two  pairs  of  Myv" 
mica  rugvnodAa  which  I  found  flying  in  my  garden.  I 
placed  them  with  damp  earth,  food,  and  water,  and 
they  continued  perfectly  healthy  through  the  winter. 

>  IBst.  Nat,  des  Ins.  HynUnapteres^  vol.  i.  p.  144. 
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In  April  one  of  the  males  died,  and  the  second  in  the 
middle  of  May.  The  first  eggs  were  laid  between  April 
12  and  23.  They  began  to  hatch  the  first  week  in 
Jnne,  and  the  first  larva  turned  into  a  chrysalis  on 
the  27th;  a  second  on  the  3Qth;  a  third  on  July  1, 
when  there  were  also  seven  larvae  and  two  eggs.  On 
the  8th  there  was  another  egg.  On  July  8  a  fourth 
larva  had  turned  into  a  pupa.  On  July  111  found 
there  were  six  eggs,  and  on  the  14th  about  ten.  On  the 
15th  one  of  the  pupae  began  to  turn  brown,  and  the 
eggs  were  about  15  in  number.  On  the  16th  a  second 
pupa  began  to  turn  brown.  On  the  2l8t  a  fifth  larva 
had  turned  into  a  pupa,  and  there  were  about  20  eggs. 
On  July  22  the  first  worker  emerged,  and  a  sixth  larva 
had  changed.  On  the  25th  I  observed  the  young  worker 
carrying  the  larvae  about  when  I  looked  into  the  nest ; 
a  second  worker  was  coming  out.  On  July  28  a  third 
worker  emerged,  and  a  fourth  on  Aug  5.  The  eggs 
appeared  to  be  less  numerous,  and  some  had  probably 
been  devoured. 

This  experiment  shows  that  the  queens  of  Myrmica 
rugi/nodis  have  the  instinct  of  bringing  up  larvae  and  the 
power  of  founding  communities.  The  workers  remained 
about  six  weeks  in  the  egg,  a  month  in  the  state  of 
larvae,  and  twenty-five  to  twenty-seven  days  as  pupae. 

Since,  however,  cases  are  on  record  in  which  com- 
munities are  known  to  have  existed  for  many  years, 
it  seems  clear  that  fresh  queens  must  be  sometimes 
adopted.     I  have  indeed  recorded  several  experiments 
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in  which  fertile  queens  introduced  into  queenless  nests 
were  ruthlessly  attacked,  and  subsequent  experiments 
have  always  had  the  same  result.  Mr.  Jenner  Fust, 
however,  suggested  to  me  to  introduce  the  queen  into 
the  nest,  as  is  done  with  bees,  in  a  wire  cage,  and  leave 
her  there  for  two  or  three  days,  so  that  the  workers 
might,  as  it  were,  get  accustomed  to  her.  Accordingly 
I  procured  a  queen  of  F.  fuaca  and  put  her  with  some 
honey  in  a  queenless  nest,  enclosed  in  a  wire  cage  so 
that  the  ants  could  not  get  at  her.  After  three  days  I 
let  her  out,  but  she  was  at  once  attacked.  Perhaps  I 
ought  to  have  waited  a  few  days  longer.  On  the  con- 
trary, Mr.  McCook  reports  a  case  of  the  adoption  of  a 
fertile  queen  of  Greniastogaater  lineolata  by  a  colony 
of  the  same  species :  ^ — *  The  queen,'  he  says,  *  was 
taken  April  16,  and  on  May  14  following  was  introduced 
to  workers  of  a  nest  taken  the  same  day.  The  queen 
was  alone  within  an  artificial  glass  formicary,  and 
several  workers  were  introduced.  One  of  these  soon 
found  the  queen,  exhibited  much  excitement  but  no 
hostility,  and  immediately  ran  to  her  sister  workers,  all 
of  whom  were  presently  clustered  upon  the  queen. 
As  other  workers  were  gradually  introduced  they  joined 
their  comrades,  until  the  body  of  the  queen  (who  is 
much  larger  tha»  the  workers)  was  nearly  covered  with 
them.  They  appeared  to  be  holding  on  by  their  man- 
dibles to  the  delicate  hairs  upon  the  female's  body,  and 

•  Proe,  Acad,  Natural  Sdenees  of  PhiladelpMay  1879.    *  Note  on 
the  Adoption  of  an  Ant-Queen,*  by  Mr.  McCook,  p.  1S9. 
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continually  moved  their  antennse  caressingly.  This 
sort  of  attention  continued  until  the  queen,  escorted  by 
workers,  disappeared  in  one  of  the  galleries.  She  was 
entirely  adopted,  and  thereafter  was  often  seen  moving 
freely,  or  attended  by  guards,  about  the  nest,  at  times 
engaged  in  attending  the  larvae  and  pupae  which  had 
been  introduced  with  the  workers  of  the  strange  colony. 
The  workers  were  fresh  from  their  own  natural  home,  and 
the  queen  had  been  in  an  artificial  home  for  a  month.' 

In  no  case,  however,  when  I  have  put  a  queen  into 
one  of  my  nests  has  she  been  accepted. 

Possibly  the  reason  for  the  difference  may  be  that 
the  ants  on  which  I  experimented  had  been  long  living 
in  a  republic ;  for,  I  am  informed,  that  if  bees  have  been 
long  without  a  queen  it  is  impossible  to  induce  them  to 
accept  another. 

Moreover,  I  have  found  that  when  I  put  a  queen 
with  a  few  ants  from  a  strange  nest  they  did  not 
attack  her,  and  by  adding  others  gradually,  I  succeeded 
in  securing  the  throne  for  her. 

It  is  generally  stated  that  among  ants  the  queens 
only  lay  eggs.     This,  however,  is  not  correct. 

Denny  *  and  Lesp&  *  have  shown  that  the  workers 
also  are  capable  of  producing  eggs ;  but  the  latter  as- 
serted that  these  eggs  never  come  to  maturity.  Forel, 
however,  has  proved  ^  that  this  is  not  the  case,  but 

'  Afm,  and  Mag.  Nat.  SUt.,  2nd  set.,  vol.  i 
«  Ann.  des  8ci.  Nat,,  1863. 
•  Fourmis  de  la  Suisse,  p.  329. 
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that  in  some  cases,  at  any  rate,  the  eggs  do  produce 
young.  Dewitz  even  maintains  *  that  the  workers 
habitually  lay  eggs,  and  explains  the  diflference  which 
on  this  view  exists  between  the  workers  of  ants  and 
those  of  bees,  on  the  ground  that  (as  he  supposes)  the 
majority  of  ants  die  in  the  autumn,  so  that  the  eggs 
laid  by  the  queens  alone  would  not  be  sufficient  to 
stock  the  nest  in  the  spring ;  while  among  bees  the 
majority  survive  the  winter,  and  consequently  the  eggs 
laid  by  the  queen  are  sufficient  to  maintain  the  num- 
bers of  the  community.  In  reply  to  this  argument,  it 
may  be  observed  that  among  wasps  the  workers  all 
perish  in  the  autumn,  while,  on  the  contrary,  among 
ants  I  have  proved  that,  at  least  as  regards  many 
species,  this  is  not  the  case.  Moreover,  although  eggs 
are  frequently  laid  by  workers,  this  is  not  so  often  the 
case  as  Dewitz  appears  to  suppose.  Forel  appears  to 
have  only  observed  it  in  one  or  two  cases.  In  my 
nests  the  instances  were  more  numerous ;  and,  indeed,. 
I  should  say  that  in  most  nests  there  were  a  few  fertile 
workers. 

Among  bees  and  wasps  also  the  workers  are  occa-^ 
sionally  fertile ;  but,  so  far  as  our  observations  go,  it  is 
a  curious  fact  that  their  eggs  never  produce  females, 
either  queens  or  workers,  but  always  males.  The  four 
or  five  specimens  bred  by  Forel  from  the  eggs  of 
workers  were,  moreover,  all  males. 

It  became  therefore  an  interesting  question  whether 
*  ZeiUf,  fvUt.  2doL,  vol.  xxviii.  p.  536. 
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the  same  is  the  case  among  ants ;  and  my  nests  have 
supplied  me  with  some  facts  bearing  on  the  question. 
Most  of  my  nests  contained  queens ;  and  in  these  it 
would  be  impossible,  or  at  least  very  difficult,  to  dis- 
tinguish and  follow  the  comparatively  few  eggs  laid 
by  the  workers.  Some  of  my  nests,  however,  con- 
tained no  queen ;  and  in  them  therefore  all  the  eggs 
must  have  been  laid  by  workers. 

One  of  these  was  a  nest  of  Formica  cinerea^  which 
I  brought  back  from  Castellamare  in  November  1875. 
At  that  time  it  contained  no  eggs  or  larvae.  In  1876 
a  few  eggs  were  laid,  of  which  fifteen  came  to  maturity, 
and  were,  I  believe,  all  males.  In  1877  there  were 
fourteen  pupae,  of  which  twelve  came  to  maturity,  and 
were  all  males. 

Again,  in  a  nest  of  Laaiua  nigeVy  kept  in  captivity 
since  July  1875,  there  were  in  1876  about  100  young ; 
and  these  were,  as  far  as  I  could  ascertain,  all  males. 
At  any  rate  there  were  about  100  males,  and  I  could 
not  find  a  single  young  female.  In  1877  there  were 
again  some  pupae ;  but  owing  to  an  accident  none  of 
them  came  to  maturity.  In  1878  fifteen  came  to 
maturity ;  and  fourteen  were  males.  The  other  I  could 
not  find  after  it  left  the  pupa  skin ;  but  I  have  no 
doubt,  from  the  appearance  of  the  pupa,  that  it  was 
also  a  male. 

Another  nest  of  Laaiua  niger,  taken  in  November 
1875,  brought  in  1878  only  one  young  ant  to  maturity ; 
and  this  was  a  male. 
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Again,  in  a  nest  of  Formica  fusca^  taken  in  1875,. 
though  in  1876  and  1877  eggs  were  laid  and  a  few 
arrived  at  the  pupa-state,  none  came  to  maturity. 
They  were  all,  however,  either  males  or  queens,  and,  I 
have  little  doubt,  were  males.  In  1878  one  came  ta 
maturity,  and  it  was  a  male. 

A  nest  of  F.  fusca,  captured  in  1876,  did  not  bring 
up  any  young  in  1877.  In  1878  three  larvae  came  to- 
maturity ;  and  they  all  proved  to  be  males.  Another 
nest  of  F.  fusca^  captured  in  1877,  in  1878  brought 
only  one  young  one  to  maturity.    This  was  a  male. 

In  the  following  year,  I  again  carefully  watched  my 
nests,  to  see  what  further  light  they  would  throw  on 
the  subject. 

In  six  of  those  which  contained  no  queen,  eggs- 
were  produced,  which  of  course  must  necessarily  have 
been  laid  by  workers. 

The  first  of  these,  the  nest  of  Laaiua  nigeVy 
which  I  have  watched  since  July  1875,  and  which, 
therefore,  is  interesting  from  the  great  age  of  the 
workers,  about  ten  larvae  were  hatched,  but  only  four 
reached  the  pupa  state.  Of  these  one  disappeared;, 
the  other  three  I  secured,  and  on  examination  they  all 
proved  to  be  males.  The  nest  of  Lasius  nigeVy  which 
has  been  under  observation  since  November  1875,  pro- 
duced about  ten  pupae.  Of  these  I  examined  seven,  all 
of  which  I  found  to  be  males.  The  others  escaped  me^ 
I  believe  that,  having  died  they  were  brought  out  and 
thrown  away. 


Digitized  by 


Google 


ALWAYS  PRODUCE  MALES.  39 

The  nest  of  Formica  ci/nerea,  captured  at  the  same 
time,  produced  four  larvae,  all  of  which  perished  before 
arriving  at  the  pupa  stage.  The  larvae  of  males  and 
of  queens  are  much  larger  than  those  of  workers, 
and  these  larvae  were  too  big  to  have  been  those  of 
workers. 

In  a  nest  of  Formica  fuacaj  which  I  have  had 
under  observation  since  August  1876,  three  pupae  were 
produced.  They  were  all  males.  Another  nest  of 
Formica  fusca  produced  a  single  youug  one,  which  also 
was  a  male. 

Lastly,  my  nest  of  Polyergus  rufescena^  which  M. 
Forel  was  so  good  as  to  send  me  in  the  spring  of  1876, 
in  1879  produced  twelve  pupae.  Eleven  of  these  turned 
out  to  be  males.  The  other  one  I  lost ;  and  I  have 
little  doubt  that  it  was  brought  out  and  thrown  away. 
It  was  certainly  not  a  worker.  As  regards  the  first 
three  of  these  pupae,  I  omitted  to  record  at  the  time 
whether  they  belouged  to  the  Polyergiva  or  to  the 
slaves,  though  I  have  little  doubt  that  they  belonged  to 
the  former  species.  The  last  eight,  at  any  rate,  were 
males  of  Polyergus, 

Indeed,  in  all  of  my  queenless  nests,,  males  have 
been  produced ;  and  in  not  a  single  queenless  nest  has 
a  worker  laid  eggs  which  have  produced  a  female,  either 
a  queen  or  a  worker.  Perhaps  I  ought  to  add  that 
workers  are  abundantly  produced  in  those  of  my  nests 
which  possess  a  queen. 

While  great  numbers  of  workers  and  males  have 
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come  to  maturity  in  my  nests,  with  one  exception  not 
a  single  qneen  has  been  produced. 

This  was  in  a  nest  of  Formica  fusca,  in  which  five 
queens  came  to  maturity.  The  nest  (which,  I  need 
hardly  say,  possessed  a  queen)  had  been  under  observa- 
tion since  April  1879,  and  the  eggs  therefore  must 
have  been  laid  in  captivity.  The  nest  had  been  richly 
supplied  with  animal  food,  which  may  possibly  account 
for  the  feet. 

It  is  known  that  bees,  by  difference  of  food,  &c., 
possess  the  power  of  obtaining  at  will  from  the  same 
eggs  either  queens  or  ordinary  workers.  Mr.  Dewitz,^ 
however,  is  of  opinion  that  among  ants,  on  the  con- 
trary, the  queens  and  workers  are  produced  from 
different  kinds  of  eggs.  He  remarks  that  it  is  very 
difficult  to  understand  how  the  instinct,  if  it  is  to  be 
called  instinct,  which  would  enable  the  working  ants 
to  make  this  difference  can  have  arisen.  This  is  no 
doubt  true ;  but  it  seems  to  me  quite  as  difficult  to 
understand  how  the  queens,  which  must  have  originally 
laid  only  queen  eggs  and  male  eggs,  can  have  come  to 
produce  another  class.  Moreover,  however  great  the 
difficulty  may  be  to  understand  how  the  ants  can  have 
leamt  to  produce  queens  and  workers  from  one  kind  of 
egg,  the  same  difficulty  exists  almost  to  the  same 
extent  in  bees,  which,  as  Mr.  Dewitz  admits,  do  possess 
the  power.  Moreover,  it  seems  to  me  very  unlikely 
that  the  result  is  produced  in  one  way  in  the  case  of 
>  ZeU./w  wiis.  Zool  1878,  p.  101. 
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bees,  and  in  another  in  that  of  ants.  It  is  also  a  strong 
.argnment  that  in  none  of  my  nests,  though  thousands 
of  workers  and  males  have  been  produced,  have  I  ever 
observed  a  queen  to  be  so  until  this  year.  On  the 
whole,  then,  though  I  differ  from  so  excellent  a  natmalist 
with  much  hesitation,  I  cannot  but  think  that  ants, 
like  bees,  possess  the  power  of  developing  a  given  egg 
into  either  a  queen  or  a  worker. 

I  have  already  mentioned  that  the  previous  views 
AS  to  the  duration  of  life  of  ants  turn  out  to  be  quite 
-erroneous.  It  was  the  general  opinion  that  they  lived 
for  a  single  year.  I  have,  however,  now  in  my  posses- 
sion two  queens,  which  I  have  had  under  observation 
•ever  since  the  year  1874.  They  must  now  (December 
1881)  therefore  be  more  than  seven,  and  are  probably 
more  than  eight  years  old.  They  seem  in  perfect 
health,  and  in  1881  laid  fertile  eggs,  a  fact  which 
suggests  physiological  conclusions  of  great  interest. 

I  have,  moreover,  little  doubt  that  some  of  the 
workers  now  in  this  nest  were  among  those  originally 
•captured,  the  mortality  after  the  first  few  weeks  having 
been  but  small.    This,  however,  I  cannot  prove. 

A  nest  of  F.  aangumea,  which  M.  Forel  kindly . 
forwarded  to  me  on  September  12,  1875  (but  which 
contained  no  queen),  gradually  diminished  in  numbers, 
until  in  February  1879  it  was  reduced  to  two  F.  san- 
guvaeaa  and  one  slave.  The  latter  died  in  February 
1880.  One  of  the  two  mistresses  died  between  May 
10  and  May  16,  1880,  and  the  other  only  survived  her 
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a  few  days,  dying  between  the  16th  and  20th.  These- 
two  ants,  therefore,  must  have  been  five  years  old  at 
least.  It  is  certainly  curious  that  they  should,  after 
living  so  long,  have  died  within  ten  days  of  one- 
another.  There  was  nothing,  as  far  as  I  could  see,  in 
the  state  of  the  nest  or  the  weather  to  account  for  this,, 
and  they  were  well  supplied  with  food ;  yet  I  hardly 
venture  to  suggest  that  the  survivor  pined  away  for* 
the  loss  of  her  companion. 

Some  workers  of  F.  dnerea  lived  in  one  of  my 
nests  from  November  1875  to  July  1881. 

In  a  nest  of  F.fuscay  which  I  brought  in  on  June- 
6,  1875,  and  in  one  of  Lasiua  niger  brought  in 
on  July  25,  1875,  there  were  no  queens;  and,  as 
already  mentioned,  no  workers  have  been  produced. 
Those  now  living  (December  1881)  are  therefore  the 
original  ones,  and  they  must  be  more  than  six  years 
old. 

The  duration  of  life  in  ants  is  therefore  much 
greater  than  has  been  hitherto  supposed. 

Though  I  lose  many  ants  from  accidents,  especially 
in  simimer,  in  winter  there  are  very  few  deaths. 

I  have  given  the  following  figure  (fig.  2),  which 
represents  a  typical  nest  belonging  to  Lasius  niger^, 
because  it  is  a  good  instance  of  the  mode  in  which 
my  ants  excavated  chambers  and  galleries  for  them- 
selves, and  seems  to  show  some  ideas  of  strategy.  The 
nest  is,  as  usual,  between  two  plates  ofglass,  the  outer 
border  is  a  framework  of  wood,  and  the  shaded  part 
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Fia.  2. 


Ground-plan  of  a  typical  nest  of  Zasiits  niger,  reduced,  a, 
narrow  doorway ;  J,  hall ;  r,  vestibule  ;  d^  main  chamber ;  e,  inner 
sanctum  ;  f,fyfffy  narrow  entrance  passages  to  sanctum  ;  g,  g^  spe- 
cial pillars. 
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represents  garden  mouldy  which  the  ante  have  them- 
selves excavated,  as  shown  in  the  figure.  For  the 
small  doorway  (a),  indeed,  I  am  myself  responsible. 
I  generally  made  the  doorways  of  my  nests  narrow,  so 
as  to  check  evaporation  and  keep  the  nests  from 
becoming  too  dry.  It  will  be  observed,  however,  that 
behind  the  hall  (6)  the  entrance  contracts,  and  is  still 
further  protected  by  a  pillar  of  earth,  which  leaves  on 
either  side  a  narrow  passage  which  a  single  ant  could 
easily  guard,  or  which  might  be  quickly  blocked  up. 
Behind  this  is  an  irregular  vestibule  (c),  contracted 
again  behind  into  a  narrow  passage,  which  is  followed 
by  another,  this  latter  opening  into  the  main  chamber 
{d).  In  this  chamber  several  pillars  of  earth  are  left, 
almost  as  if  to  support  the  roof.  Behind  the  main 
chamber  is  an  inner  sanctum  divided  into  three  cham- 
bers, and  to  which  access  is  obtained  through  narrow 
entrances  (/,  /,  /,  /).  Most  of  the  pillars  in  the  main 
chamber  are  irregular  in  outline,  but  two  of  them 
{gr,  g)  were  regular  ovals,  and  round  each,  for  a  distance 
about  as  long  as  the  body  of  an  ant,  the  glass  had  been 
most  carefully  cleaned.  This  was  so  marked,  and  the 
edge  of  the  cleaned  portion  was  so  distinct,  that  it  is 
impossible  not  to  suppose  that  the  ants  must  have 
had  some  object  in  this  proceeding,  though  I  am  unable 
to  suggest  any  explanation  of  it. 

I  have  already  mentioned  (cmte,  p.  23),  that  there 
is  evidence  of  some  division  of  labour  among  ants. 
Where,  indeed,  there  are  different  kinds  of  workers. 
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this  is  self-evident,  but  even  in  species  where  the 
workers  axe  all  of  one  type,  something  of  the  same 
kind  appears  to  occur. 

In  the  autumn  of  1875  I  noticed  an  ant  belonging 
to  one  of  my  nests  of  F.  fuaca  out  feeding  alone.  The 
next  day  the  same  ant  was  again  out  by  herself,  and  for 
some,  weeks  no  other  ant,  so  fer  as  I  observed,  came  out 
to  the  food.  I  did  not,  however,  watch  her  with  suffi- 
cient regularity.  In  the  winter  of  1876,  therefore,  I 
kept  two  nests  under  close  observation,  having  arranged 
with  my  daughters  and  their  governess.  Miss  Wendland 
(most  conscientious  observers),  that  one  of  us  should 
look  at  them  once  an  hour  during  the  day.  One  of  the 
nests  contained  about  200  individuals  of  F.  fuaca^  the 
other  was  a  nest  of  P.  rufescena  with  the  usual  slaves, 
about  400  in  number.  The  mistresses  themselves 
never  came  out  for  food,  leaving  all  this  to  the  slaves. 

We  began  watching  on  November  1,  but  did  not 
keep  an  hourly  register  till  the  20th,  after  which  date 
the  results  are  given  in  jbhe  following  tables  {see 
Appendix).  Table  No.  1  relates  to  the  nest  of  F. 
fuaca,  and  the  ants  are  denoted  by  numbers.  The 
hours  at  which  we  omitted  to  record  an  observation  are 
left  blank ;  when  no  ant  was  at  the  honey,  the  square  is 
marked  with  an  0.  An  ant,  marked  in  my  register  as 
No.  3,  was  at  the  time  when  we  began  observing  acting 
as  feeder  to  the  community. 

The  only  cases  in  which  other  ants  came  to  the  honey 
were  at  2  P.M.  on  November  22,  when  another  ant  came 
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out,  whom  we  registered  as  No.  4,  another  on  the  28th, 
registered  as  No.  5.  Other  ants  came  out  occasionally, 
but  not  one  came  to  the  honey  (except  the  above  men- 
tioned) from  November  28  till  January  3,  when  another 
(whom  we  registered  as  No.  6)  began  feeding.  After 
this  a  friend  visited  the  honey  once  on  the  4th,  once 
on  the  11th,  and  again  on  the  15th,  when  she  was 
registered  as  No.  7. 

Table  No,  2  is  constructed  in  the  same  way,  but 
refers  to  the  nest  of  Polyergus.  The  feeders  in  this 
case  were,  at  the  beginning  of  the  experiment,  regis- 
tered as  Nos.  5,  6,  and  7.  On  Jfovember  22  a 
friend,  registered  as  No.  8,  came  to  the  honey,  and 
again  on  December  11 ;  but  with  these  two  exceptions 
the  whole  of  the  supplies  were  carried  in  by  Nos.  5  and 
6,  with  a  little  help  from  No.  7. 

Thinking  now  it  might  be  alleged  that  possibly 
these  wer6  merely  unusually  active  or  greedy  individuals, 
I  imprisoned  No.  6  when  she  came  out  to  feed  on  the 
5th.  As  will  be  seen  from  the  table,  no  other  ant  had 
been  out  to  the  honey  for  some  days ;  and  it  could 
therefore  hardly  be  accidental  that  on  that  very  evening 
another  ant  (then  registered  as  No.  9)  came  out  for 
food.  This  ant,  as  will  be  seen  from  the  table,  then 
took  the  place  of  No.  6,  and  (No.  5  being  imprisoned 
on  January  11)  took  in  all  the  supplies,  again  with  a 
little  help  from  No.  7.  So  matters  continued  till  the 
17th,  when  I  imprisoned  No.  9,  and  then  again,  Le.  on 
the  19th,  another  ant  (No.  10)  came  out  for  the  food. 
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aided,  on  and  after  the  22nd,  by  another.  No.  11.  This 
seems  to  me  very  curious.  From  November  1  to 
January  5,  with  two  or  three  casual  exceptions,  the 
whole  of  the  supplies  were  carried  in  by  three  ants, 
one  of  whom,  however,  did  comparatively  little.  The 
other  two  were  imprisoned,  and  then,  but  not  till  then, 
a  fresh  ant  appears  on  the  scene.  She  carried  in  the 
food  for  a  week ;  and  then,  she  being  imprisoned,  two 
others  undertook  the  task.  On  the  other  hand,  in 
Nest  1,  where  the  first  foragers  were  not  imprisoned, 
they  continued  during  the  whole  time  to  carry  in  the 
necessary  supplies. 

The  feicts  therefore  certainly  seem  to  indicate  that 
-certain  ants  are  told  off  as  foragers,  and  that  during 
winter,  when  little  food  is  required,  two  or  three  are 
fiuflScient  to  provide  it. 

I  have,  indeed,  no  reason  to  suppose  that  in  our 
English  ants  any  particular  individuals  are  specially 
adapted  to  serve  as  receptacles  of  food.  M.  Wesmael, 
however,  has  described  *  a  remarkable  genus  {Myrmeco^ 
cyatus  7nexiccmus)j  brought  by  M.  de  Nermann  from 
Mexico,  in  which  certain  individuals  in  each  nest  serve 
as  animated  honey-pots.  To  them  the  foragers  bring 
their  supplies,  and  their  whole  duty  seems  to  be  to  receive 
the  honey,  retain  it,  and  redistribute  it  when  required. 
Their  abdomen  becomes  enormously  distended,  the  in- 
tersegmental membranes  being  so  much  extended  that 

>  JBuU,  de  VAcad  de$  Soi.  de  Bruxellet,  vol.  v.  p.  771. 
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the  chitinous  segments  which  alone  are  visible  exter- 
nally in  ordinary  ants  seem  like  small  brown  transverse 
bars.  The  account  of  these  most  curious  insects  given 
by  MM.  de  Normann  and  Wesmael  has  been  folly  con- 
firmed by  subsequent  observers ;  as,  for  instance,  by 
Lucas,*  Saunders,*  Edwards,'  Blake,*  Loew,*  and 
McCook.« 

On  one  very  important  point,  however,  M.  Wesmael 
was  in  error ;  he  states  that  the  abdomen  of  these  ab- 
normal individuals  *ne  contient  aucun  organe;  ou 
plutot,  il  n'est  lui-m^me  qu*un  vaste  sac  stomacal.' 
Blake  even  asserts  that  *  the  intestine  of  the  insect  is 
not  continued  beyond  the  thorax,'  which  must  surely  be 
a  misprint;  and  also  that  there  is  no  connexion  between 
the  stomach  and  the  intestine!  These  statements, 
however,  are  entirely  erroneous ;  and,  as  M.  Forel  has 
shown,  the  abdomen  does  really  contain  the  usual  organs, 
which,  however,  are  very  easily  overlooked  by  the  side 
of  the  gigantic  crop. 

I  have  therefore  been  much  interested  in  receiving 
a  second  species  of  ant,  which  has  been  sent  me  by 
Mr.  Waller,  in  which  a  similar  habit  has  been  evolved 
and  a  similar  modification  has  been  produced.  The  two 
species,  however,  are  very  distinct,  belonging  to  totally 

'  Ann,  Soc,  Bnt.  de  France,  v.  p.  111. 

*  Ccmadia/n  MitoTnologist,  vol.  vii.  p.  12. 

*  Proo.  California  Academy^  1873. 

*  Ibid,,  1874. 

*  American  Nat,,  viii.  1874. 

*  The  Haney  AnU. 
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different  genera ;  and  the  former  is  a  native  of  Mexico, 
while  the  one  now  described  comes  from  Adelaide  in 
Australia.  The  two  species,  therefore,  cannot  be  de- 
scended one  from  the  other ;  and  the  conclusion  seems 
inevitable  that  the  modification  has  originated  inde- 
pendently in  the  two  species. 

It  is  interesting  that,  although  these  specimens 
apparently  never  leave  the  nest,  and  have  little  use 
therefore  for  legs,  mandibles,  &c.,  the  modifications 
which  they  have  undergone  seem  almost  confined  to  the 
abdominal  portion  of  the  digestive  organs.  The  head 
and  thorax,  antennae,  jaws,  legs,  &c.  differ  but  little 
from  those  of  ordinary  ants. 
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CHAPTER  ni. 

ON  THE  RELATION  OF  ANTS  TO  PLANTS. 

It  is  now  generally  admitted  that  the  form  and  colour, 
the  scent  and  honey  of  flowers,  are  mainly  due  to  the 
unconscious  agency  of  insects,  and  especially  of  bees. 
Ants  have  not  exercised  so  great  an  influence  over  the 
vegetable  kingdom,  nevertheless  they  have  by  no 
means  been  without  effect. 

The  great  object  of  the  beauty,  scent,  and  honey 
of  flowers,  is  to  secure  cross  fertilisation ;  but  for  this 
purpose  winged  insects  are  almost  necessary,  because 
they  fly  readily  from  one  plant  to  another,  and  gener- 
ally confine  themselves  for  a  certain  time  to  the  same 
species.  Creeping  insects,  on  the  other  hand,  naturally 
would  pass  from  one  flower  to  another  on  the  same 
plant ;  and  as  Mr.  Darwin  has  shown,  it  is  desirable 
that  the  pollen  should  be  brought  from  a  different 
plant  altogether.  Moreover,  when  ants  quit  a  plant, 
they  natiurally  creep  up  another  close  by,  without  any 
regard  to  species.  Hence,  even  to  small  flowers,  such 
as  many  crucifers,  composites,  saxifrages,  &c.,  which, 
as  far  as  size  is  concerned,  might  well  be  fertilised  by 
ants,  the  visits  of  flying  insects  are  much  more  advan- 
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tageons.  Moreover,  if  larger  flowers  were  visited  by 
ants,  not  only  would  they  deprive  the  flowers  of  their 
honey  without  ftdfilling  any  useful  function  in  return, 
but  they  would  probably  prevent  the  really  useful 
visits  of  bees.  If  you  touch  an  ant  with  a  needle  or  a 
bristle,  she  is  almost  sure  to  seize  it  in  her  jaws ;  and 
if  bees,  when  visiting  any  particular  plant,  were  liable 
to  have  the  delicate  tip  of  their  proboscis  seized  on  by 
the  homy  jaws  of  an  ant,  we  may  be  sure  that  such  a 
species  of  plant  would  soon  cease  to  be  visited.  On 
the  other  hand,  we  know  how  fond  ants  are  of  honey, 
and  how  zealously  and  unremittingly  they  search  for 
food.  How  is  it  then  that  they  do  not  anticipate  the 
bees,  and  secure  the  honey  for  themselves  ?  This  is 
guarded  against  in  several  ways. 

Belt  appears  to  have  been  the  first  naturalist  to 
call  attention  to  this  interesting  subject. 

*  Many  flowers,'  he  says,^  *  have  contrivances  for  pre- 
venting useless  insects  from  obtaining  access  to  the 
nectaries. 

•  •••.*• 

'  Great  attention  has  of  late  years  been  paid  by 
naturalists  to  the  wonderful  contrivances  amongst 
flowers  to  secure  cross  fertilisation,  but  the  struc- 
ture of  many  cannot,  I  believe,  be  understood,  unless 
we  take  into  consideration  not  only  the  beautiful  adap- 
tations for  securing  the  services  of  the  proper  insect  or 

1  The  NaturaMst  in  Mcaroifua.  By  Thos.  Belt,  F.G.S.,  pp.  131 
^d  133. 
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bird,  but  also  tbe  contrivances  for  preventing  insects 
that  would  not  be  useful  from  obtaining  access  to  the 
nectar.  Thus  the  immense  length  of  the  Angrcecum. 
sesquipedale  of  Madagascar  might,  perhaps,  have  been 
more  easily  explained  by  Mr.  Wallace,  if  this  impor- 
tant purpose  had  been  taken  into  account.* 

Kemer  has  since  published  a  very  interesting 
work,^  especially  devoted  to  the  subject,  which  ha» 
been  translated  into  English  by  Dr.  Ogle. 

In  aquatic  plants,  of  course,  the  access  of  ants  is 
precluded  by  the  isolation  in  water.  Nay,  even  many 
land  plants  have  secured  to  themselves  the  same  advan- 
tage, the  leaves  forming  a  cup  round  the  stem.  Some 
species  have  such  a  leaf-cup  at  each  joint,  in  othera 
there  is  only  a  single  basin,  formed  by  the  rosette  of 
radical  leaves.  In  these  receptacles  rain  and  dew 
not  only  collect,  but  are  retained  for  a  considerable 
time.  In  our  own  country  Dipsacus  aylvestris  (the 
common  teazle)  is  the  best  marked  instance  of  this 
mode  of  protection,  though  it  is  possible  that  these 
cups  serve  another  purpose,  and  form,  as  suggested  by 
Francis  Darwin,  traps  in  which  insects  are  caught,  and 
in  which  they  are  dissolved  by  the  contained  fluid,  so 
as  to  serve  as  food  for  the  plant.  However  this  may 
be,  the  basins  are  generally  found  to  contain  water,, 
even  if  no  rain  has  fallen  for  some  days,  and  must,, 
therefore,  serve  to  prevent  the  access  of  ants. 

The  next  mode  of  protection  is  by  means  of  slippery 
>  Kemer :  Flowers  and  their  Unbidden  OuegU, 
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surfaces.  In  this  case,  also,  the  leaves  often  fonn  a 
collar  round  the  stem,  with  curved  surfeces  over  which 
ants  cannot  climb.  *I  have  assured  myself,'  says 
Kemer,  *  not  only  by  observation,  but  by  experiment, 
that  wingless  insects,  and  notably  ants,  find  it  impos- 
sible to  mount  upwards  over  such  leaves  as  these. 
The  little  creatures  run  up  the  stem,  and  may  even 
not  unfrequently  traverse  the  under  surface  of  the 
leaves,  if  not  too  smooth ;  but  the  reflexed  and  slip- 
pery margin  is  more  than  the  best  climbers  among 
them  can  get  over,  and  if  they  attempt  it  they  invari- 
ably £ill  to  the  ground.  There  is  no  necessity  for  the 
lamina  of  the  leaf  to  be  very  broad ;  even  narrow 
leaves,  as,  for  instance,  those  of  Oentiana  firmay  are 
enough  for  the  purpose,  supposing,  of  course,  that  the 
margin  is  bent  backwards  in  the  way  described.' 

Of  this  mode  of  protection  the  cyclamen  and  snow- 
drop offer  familiar  examples.  In  vain  do  ants  attempt 
to  obtain  access  to  such  flowers,  the  curved  surfaces 
baffle  them ;  when  they  come  to  the  edge  they  inevit- 
ably drop  off  to  the  ground  again.  In  fact,  these 
pendulous  flowers  protect  the  honey  as  effectually 
from  the  access  of  ants,  as  the  hanging  nests  of  the 
weaver  and  other  birds  protect  their  eggs  and  young 
from  the  attacks  of  reptiles. 

In  a  third  series  of  plants  the  access  of  creeping 
insects  is  impeded  or  altogether  prevented  by  certain 
parts  of  the  flower  being  crowded  together  so  as  to 
leave  either  a  very  narrow  passage  or  none  at  all.  Thus 


Digitized  by 


Google 


54  CLOSED  FLOWERS. 

the  Antirrhinum^  or  Snapdragon,  is  completely  closed^ 
and  only  a  somewhat  powerful  insect  can  force  its  way 
in.  The  flower  is  in  fact  a  strong  box,  of  which  the 
Humble-bee  only  has  the  key.  The  Linariasare  another 
case  of  this  kind.  The  Campanulas,  again,  are  open 
flowers,  but  the  stamens  are  swollen  at  the  base> 
and  in  close  contact  with  one  another,  so  that  they 
form  the  lid  of  a  hollow  box  in  which  the  honey  is 
secreted.  In  some  species  the  same  object  is  eflfec- 
ted  by  the  stamens  being  crowded  together,  as  in 
some  of  the  white  ranunculuses  of  the  Alps.  In 
other  cases,  the  flower  forms  a  narrow  tube,  still 
further  protected  by  the  presence  of  hairs,  sometimes 
scattered,  sometimes,  as  in-  the  white  dead  nettle, 
forming  a  row. 

In  others,  as  in  some  species  of  Narcissus,  Primula, 
Pedicularis,  &c.,  the  tube  itself  is  so  narrow  that  even 
an  ant  could  not  force  its  way  down. 

In  others,  again,  as  in  some  of  the  Gentians,  the 
opening  of  the  tube  is  protected  by  the  swollen  head 
of  the  pistil. 

In  others,  as  in  clover,  lotus,  and  many  other 
LeguminoscBj  the  ovary  and  the  stamens,  which  cling 
round  the  ovary  in  a  closely-fitting  tube,  fill  up  almost 
the  whole  space  between  the  petals,  leaving  only  a 
very  narrow  tube. 

Lastly,  in  some,  as  in  Oeranium  robertianuniy 
Idnum  catkarticumj  &c.,  the  main  tube  itself  i» 
divided  by  ridges  into  several  secondary  ones. 
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In  still  more  numerous  species  the  access  of  ants 
and  other  creeping  insects  is  prevented  by  the  presence 
of  spines  or  hairs,  which  constitute  a  veritable  cheva/ux 
defriae.  Often  these  hairs  are  placed  on  the  flowers 
themselves,  as  in  some  verbenas  and  gentians.  Some- 
times the  whole  plant  is  more  or  less  hairy,  and  it 
will  be  observed  that  the  hairs  of  plants  have  a  great 
tendency  to  point  downwards,  which  of  course  con- 
stitutes them  a  more  efficacious  barrier. 

In  another  class  of  cases  access  to  the  flowers  is 
prevented  by  viscid  secretions.  Everyone  who  has  any 
acquaintance  with  botany  knows  how  many  species 
bear  the  specific  name  of  *  Viscosa  *  or  *  Glutinosa.' 
We  have,  for  instance,  Bartsia  viscosa,  Robmia  viacoaa, 
Lmwm  viacoavmiy  Ewphraaia  viacoaa,  SUeae  viacoaa, 
Dicmthua  viaddua,  Senedo  viacoavsy  ffoloateum  ghi- 
tvnoav/m,  &c.  Even  those  who  have  never  opened  a 
botanical  work  must  have  noticed  how  many  plants  are 
more  or  less  sticky.  Why  is  this  ?  What  do  the  plants 
gain  by  this  peculiarity  ?  The  answer  probably  is,  at 
any  rate  in  most  cases,  that  creeping  insects  are  thus 
kept  from  the  flowers.  The  viscid  substance  is  found 
most  frequently  and  abundantly  on  the  peduncles  im- 
mediately below  the  blossoms,  or  even  on  the  blossoms 
themselves.  In  Epvmedmm  dl/pi/awmy  for  instance, 
the  leaves  and  lower  parts  of  the  stem  are  smooth, 
while  the  peduncles  are  covered  with  glandular,  viscid 
hairs.  The  number  of  small  insects  which  are  limed 
and  perish  on  such  plants  is  very  considerable.   Kemer 
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counted  sixty-four  small  insects  on  one  inflorescence  of 
Lychnis  ^viacosa.  In  other  species  the  flower  is  viscid ; 
as,  for  instance,  in  the  gooseberry,  Lmncea  boreaUsy 
Plumhago  Europcea,  &c. 

Polygonum  amphibium  is  a  very  interesting 
case.  The  small  rosy  flowers  are  richly  supplied  with 
honey ;  but  from  the  structure  of  the  flower,  it  would 
not  be  fertilised  by  creeping  insects.  As  its  name 
indicates,  this  plant  grows  sometimes  on  land,  some- 
times in  water.  Those  individuals,  however,  which 
grow  on  dry  land  are  covered  by  innumerable  glan- 
dular viscid  hairs,  which  constitute  an  effectual  pro- 
tection. On  the  other  hand,  the  individuals  which 
grow  in  water  are  protected  by  their  situation.  To 
them  the  glandular  hairs  would  be  useless,  and  in  feet 
on  such  specimens  they  are  not  developed. 

In  most  of  the  cases  hitherto  mentioned  the  viscid 
substance  is  secreted  by  glandular  hairs,  but  in  others 
it  is  discharged  by  the  ordinary  cells  of  the  siurfeyce. 
Kemer  is  even  of  opinion  that  the  milky  juice  of 
certain  plants — ^for  instance,  of  some  species  of  Lactuca 
(lettuce) — answers  the  same  purpose.  He  placed 
several  kinds  of  ants  on  these  plants,  and  was  surprised 
to  find  that  their  sharp  claws  cut  through  the  delicate 
epidermis ;  while  through  the  minute  clefts  thus  made 
the  milky  juice  quickly  exuded,  by  which  the  ants 
were  soon  glued  down.  Kemer  is  even  disposed  to 
suggest  that  the  nectaries  which  occur  on  certain 
leaves  are  a  means  of  protection  against  the  unwel- 
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come,  because  unprofitable,  visits  of  creeping  insects, 
by  diverting  them  from  the  flowers. 

Thus,  then,  though  ants  have  not  influenced  the 
present  condition  of  the  vegetable  kingdom  to  the 
same  extent  as  bees,  they  have  also  had  a  very  con- 
siderable effect  upon  it  in  various  ways. 

Our  European  ants  do  not  strip  plants  of  their 
leaves.  In  the  tropics,  on  the  contrary,  some  species 
do  much  damage  in  this  manner. 

Bates  considers*  that  the  leaves  are  used  *  to  thatch 
the  domes  which  cover  the  entrances  to  their  sub- 
terranean dwellings;  thereby  protecting  them  from 
the  rains.'  Belt,  on  the  other  hand,  maintains  that 
they  are  torn  up  into  minute  fragments,  so  as  to  form 
a  flocculent  mass,  which  serves  as  a  bed  for  mush- 
rooms; the  ants  are,  in  fact,  he  says,  <  mushroom 
growers  and  eaters.'  ^ 

Some  trees  are  protected  by  one  species  of  ants 
from  others.  A  species  of  Acacia,  described  by  Belt, 
bears  hollow  thorns,  while  each  leaflet  produces  honey 
in  a  crater-formed  gland  at  the  base,  as  well  as  a  small, 
sweet,  pear-shaped  body  at  the  tip.  In  consequence,  it  is 
inhabited  by  myriads  of  a  small  ant,  which  nests  in  the 
hollow  thorns,  and  thus  finds  meat,  drink,  and  lodging 
all  provided  for  it.  These  ants  are  continually  roaming 
over  the  plant ;  and  constitute  a  most  eflScient  body- 
guard, not  only  driving  off*  the  leaf-cutting  ants,  but, 
in  Belt's  opinion,  rendering  the  leaves  less  liable  to  be 

*  Loo,  eit,,  v.  i.  p.  26.  •  Zoo,  cit^  p.  79. 
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eaten  by  herbivorous  mainmalia.  Delpino  mentionB 
that  on  one  occasion  he  was  gathering  a  flower  of  Clero- 
dendrum  fragra/nsj  when  he  was  himself  *  suddenly 
attacked  by  a  whole  army  of  small  ants.'  ^ 

Moseley  has  also  called  attention^  to  the  relations 
which  have  grown  up  between  ants  and  two  *  curious 
epiphytes,  Myrmecodia  armata  and  Hyd/aaphytum, 
formicaruTri.  Both  plants  are  associated  in  their 
growth  with  certain  species  of  ants.  As  soon  as  the 
young  plants  develop  a  stem,  the  ants  gnaw  at  the  base 
of  this,  and  the  irritation  produced  causes  the  stem  to 
swell;  the  ants  continuing  to  irritate  and  excavate 
the  swelling,  it  assumes  a  globular  form,  and  may 
become  even  larger  than  a  man's  head. 

*  The  globular  mass  contains  within  a  labyrinth  of 
chambers  and  passages,  which  are  occupied  by  the  ants 
as  their  nest.  The  walls  of  these  chambers  and  the 
whole  mass  of  the  inflated  stem  retain  their  vitality 
and  thrive,  continuing  to  increase  in  size  with  growth. 
From  the  surfece  of  the  rounded  mass  are  given  off 
small  twigs,  bearing  the  leaves  and  flowers. 

*  It  appears  that  this  curious  gall-like  tumour  on 
the  stem  has  become  a  normal  condition  of  the  plants, 
which  cannot  thrive  without  the  ants.  In  Myrmecodia 
armata  the  globular  mass  is  covered  with  spine-like 
excrescences.  The  trees  I  referred  to  at  Amboina  had 
these  curious  spine-covered  masses  perched  in  every 

*  Soientifio  Lectures,  p.  33. 

<  Notes  by  a  NatwraUit  on  the  'Challenger,^  p.  389. 
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fork,  and  with  them  also  smooth  surfaced  masses  of  a 
species  of  Hydnophytum.* 

There  are,  of  course,  many  cases  in  which  the  action 
of  ants  is  very  beneficial  to  plants.  They  kill  oflF  a 
great  number  of  small  caterpillars  and  other  insects. 
Forel  found  in  one  ktrge  nest  that  more  than  twenty- 
eight  dead  insects  were  brought  in  per  minute ;  which 
would  give  during  the  period  of  greatest  energy  more 
than  100,000  insects  destroyed  in  a  day  by  the 
inhabitants  of  one  nest  alone. 

Our  EngKsh  hunting  ants  generally  forage  alone. 
In  warmer  countries,  however,  they  hunt  in  packs,  or 
even  armies. 

As  already  mentioned,  none  of  our  northern  ants 
store  up  grain,  and  hence  there  has  been  much  dis- 
cussion as  to  the  well-known  passage  of  Solomon.  I 
have  indeed  observed  that  the  small  brown  ants,  Lasiua 
niger,  sometimes  carry  seeds  of  the  violet  into  their 
nests,  but  for  what  purpose  is  not  clear.  It  is,  however, 
now  a  well-established  fact  that  more  than  one  species 
of  southern  ants  do  collect  seeds  of  various  kinds. 
The  fact,  of  course,  has  long  been  known  in  those 
regions. 

Indeed,  the  quantity  of  grain  thus  stored  up  is  some- 
times so  considerable,  that  in  the  *  Mischna,*  rules  are 
laid  down  with  reference  to  it;  and  various  com- 
mentators, including  the  celebrated  Maimonides,  have 
discussed  at  length  the  question  whether  such  grain 
belonged  to  the  owner  of  the  land,  or  might  be  taken 
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by  gleaners — giving  the  latter  the  benefit  of  the  doubt. 
They  do  not  appear  to  have  considered  the  rights  of 
the  ants. 

Hope  ^  has  called  attention  to  the  fieust  that  Meer 
Hassan  Ali,  in  his  ^  History  of  the  Mussulmans,' 
expressly  mentions  it.  *  More  industrious  little  crea« 
tures,'  he  says,  *  cannot  exist  than  the  small  red  ants, 
which  are  so  abundant  in  India.  I  have  watched  them 
at  their  labours  for  hours,  without  tiring.  They  are  so 
^mall,  that  from  eight  to  twelve  in  number  labour  with 
great  diflSculty  to  convey  a  grain  of  wheat  or  barley, 
yet  these  are  not  more  than  half  the  size  of  a  grain  of 
English  wheat.  I  have  known  them  to  carry  one  of 
these  grains  to  their  nest,  at  a  distance  from  600  to 
1,000  yards.  They  travel  in  two  distinct  lines  over 
rough  or  smooth  ground,  as  it  may  happen,  even  up 
and  down  steps,  at  one  regular  pace.  The  returning 
unladen  ants  invariably  salute  the  burthened  ones,  who 
are  making  their  way  to  the  general  storehouse ;  but  it 
is  done  so  promptly,  that  the  line  is  neither  broken  nor 
their  progress  impeded  by  the  salutation.* 

Sykes,  in  his  account  of  an  Indian  ant,  Pheidole 
pravidensj^  appears  to  have  been  the  first  of  modem 
scientific  authors  to  confirm  the  statements  of  Solomon. 
He  states  that  the  above-named  species  collects  large 
stores  of  grass  seeds,  on  which  it  subsists  from  February 

>  Tram,  Eat.  8oo.  1840,  p.  213. 

^  Ibid.   1836,  p.  99.    Dr.  Linoecum  has  also  made  a  sixnilax 
observation. 
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to  October.  On  one  occasion  he  even  observed  the 
ants  bringing  up  their  stores  of  grain  to  dry  them 
after  the  closing  thunderstorms  of  the  monsoon ;  an 
observation  which  has  been  since  confirmed  by  other 
naturalists. 

It  is  now  known  that  harvesting  ants  occur  in  the 
wanner  part  of  Europe,  where  their  habits  have  been 
observed  with  care,  especially  by  Moggridge  and  Lespds. 
It  does  not  yet  seem  quite  clear  in  what  manner  the 
ants  prevent  the  grains  from  germinating.  Moggridge 
found  that  if  the  ants  were  prevented  from  entering 
the  granaries,  the  seeds  began  to  sprout,  and  that  this 
was  also  the  case  in  deserted  granaries.  It  Would  ap- 
pear therefore  that  the  power  of  germination  was  not 
destroyed. 

On  the  other  hand,  Lesp^s  confirms  the  statement 
long  ago  made  by  Aldrovandus  that  the  ants  gnaw  oflf 
the  radicle,  while  Forel  asserts  that  Alta  atrucUyr 
allows  the  seeds  in  its  granaries  to  commence  the  pro- 
cess of  germination  for  the  sake  of  the  sugar. 

A  Texan  ant,  Pogonomymex  harhatus,  is  also  a 
harvesting  species,  storing  up  especially  the  grains  of 
Aristida  oligantha,  the  so-called  *  ant  rice,'  and  of  a 
grass,  Buchlce  dactyloides.  These  ants  clear  disks,  ten 
or  twelve  feet  in  diameter,  round  the  entrance  to  their 
nest,  a  work  of  no  small  labour  in  the  rich  soil,  and 
under  the  hot  sun,  of  Texas.  I  say  *  clear  disks,'  but 
some,  though  not  all,  of  these  disks  are  occupied,  espe- 
cially round  the  edge,  by  a  growth  of  ant  rice.     These 
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ants  were  first  noticed  by  Mr.  Buckley,^  and  their 
habits  were  some  time  afterwards  described  in  more 
detail  by  Dr.  Lincecmn,^  who  maintained  not  only  that 
the  ground  was  carefully  cleared  of  all  other  species  of 
plants,  but  that  this  grass  was  intentionally  cultivated 
by  the  ants.  Mr.  McCook,^  by  whom  this  subject  has 
been  recently  studied,  fully  confirms  Dr.  Lincecum 
that  the  disks  are  kept  carefully  clean,  that  the  ant 
rice  alone  is  permitted  to  grow  on  them,  and  that  the 
produce  of  this  crop  is  carefully  harvested;  but  he 
thinks  that  the  ant  rice  sows  itself,  and  is- not  actually 
cultivated  by  the  ants.  I  have  myself  observed  in 
Algeria,  that  certain  species  of  plants  are  allowed  by  the 
ants  to  grow  on  their  nests. 

*  Proo,  Acad.  Nat,  Sci,  Philadelphia^  1860. 

2  Linnean  Joxtmal,  1861,  p.  29. 

«  The  Nat.  Hist,  of  the  Agricultwal  Ants  of  Texas,  p.  88. 
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CHAPTER  IV. 

ON  THE  RELATIONS  OF  ANTS   TO  OTHER  ANIMALS. 

The  relations  existing  between  ants  and  other  animals  are 
even  more  interesting  than  their  relations  with  plants. 
As  a  general  rule,  not,  however,  without  many  remark- 
able exceptions,  they  may  be  said  to  be  those  of  deadly 
hostility. 

Though  honey  is  the  principal  food  of  my  ants, 
they  are  very  fond  of  meat,  and  in  their  wild  state 
ants  destroy  large  numbers  of  other  insects.  Our 
English  ants  generally  go  out  hunting  alone,  but 
many  of  the  species  living  in  hotter  climates  hunt  in 
packs,  or  even  in  armies. 

Savage  has  given  ^  a  graphic  account  of  the  *  Driver ' 
ants  (Anomma  arcens  West.)  of  West  Africa.  They 
keep  down,  he  says,  Hhe  more  rapid  increase  of  noxious 
insects  and  smaller  reptiles;  consume  much  dead 
animal  matter,  which  is  constantly  occurring,  decaying, 
becoming  offensive,  and  thus  vitiating  the  atmosphere, 
and  which  is  by  no  means  the  least  important  in  the 
Torrid  Zone,  often  compelling  the  inhabitants  to  keep 

»  *  On  the  Habits  of  the  Driver  Ants,'   Trans,  JSnt.  Soc,  1847 
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their  dwellings,  towns,  and  their  vicinity  in  a  state  of 
comparative  cleanliness.  The  dread  of  them  is  upon 
every  living  thing 

*  Their  entrance  into  a  house  is  soon  known  by  the 
simultaneous  and  imiversal  movement  of  rats,  mice, 
lizards,  Blapsidae,  BlattidsB,  and  of  the  numerous 
vermin  that  infest  our  dwellings.  Not  being  agreed, 
they  cannot  dwell  together,  which  modifies  in  a  good 
measure  the  severity  of  the  Drivers'  habits,  and  renders 
their  visits  sometimes  (though  very  seldom  in  my  view) 
desirable 

*  They  move  over  the  house  with  a  good  degree  of 
order,  unless  disturbed,  occasionally  spreading  abroad, 
ransacking  one  point  after  another,  till,  either  having 
found  something  desirable,  they  collect  upon  it,  when 
they  may  be  destroyed  en  masse  by  hot  water 

*  When  they  are  fairly  in,  we  give  up  the  house, 
and  try  to  await  with  patience  their  pleasure,  thankful, 
indeed,  if  permitted  to  remain  within  the  narrow  limits 
of  our  beds  or  chairs.' 

These  ants  will  soon  destroy  even  the  largest  animal 
if  it  is  confined.  In  one  case  Savage  saw  them  kill  near 
his  house  a  snake  four  feet  long.  Indeed,  it  is  said  that 
they  have  been  known  to  destroy  the  great  python, 
when  gorged  with  food  and  powerless.  The  natives 
even  believe  that  the  python,  after  crushing  its  victim, 
does  not  venture  to  swallow  it,  imtil  it  has  made  a 
search,  and  is  satisfied  that  there  are  no  Drivers  in  the 
vicinity!     It- is  very  remarkable  that  these  hunting 
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ants  are  blind.  They  emerge,  however,  principally  by 
night,  and  like  some  of  the  blind  hunting  ants  of 
Brazil  (EaUon  vastator  and  E.  erratica\  well  described 
by  Bates,^  prefer  to  move  under  covered  galleries,  which 
they  construct  rapidly  as  they  advance.  '  The  column 
of  foragers  pushes  forward  step  by  step,  under  the 
protection  of  these  covered  passages,  through  the 
thickets,  and  on  reaching  a  rotting  log,  or  other 
promising  hunting  ground,  pour  into  the  crevices  in 
search  of  booty.' 

The  marauding  troops  of  Ecitons  may,  in  some 
cases,  be  described  as  armies.  '  Wherever  they  move,' 
says  Bates,^  *  the  whole  animal  world  is  set  in  commo- 
tion, and  every  creature  tries  to  get  out  of  their  way. 
But  it  is  especially  the  various  tribes  of  wingless  insects 
that  have  cause  for  fear,  such  as  heavy-bodied  spiders, 
ants  of  other  species,  maggots,  caterpillars,  larvae  of 
cockroaches,  and  so  forth,  all  of  which  live  under  fallen 
leaves  or  in  decaying  wood.  The  Ecitons  do  not  mount 
very  high  on  trees,  and  therefore  the  nestlings  of  birds 
are  not  much  incommoded  by  them.  The  mode  of 
operation  of  these  armies,  which  I  ascertained,  only 
after  long-continued  observation,  is  as  follows:  The 
main  column,  from  four  to  six  deep,  moves  forward  in 
a  given  direction,  clearing  the  ground  of  all  animal 
matter  dead  or  alive,  and  throwing  off,  here  and  there, 
a  thinner  colunm  to  forage  for  a  short  time  on  the 

"  The  Natv/ralUt  on  the  River  ATnazon,  vol.  ii.  p.  364. 
*  Ibid.j  p.  358. 
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flanks  of  the  main  army,  and  re-enter  it  again  after 
their  task  is  accomplished.  If  some  very  rich  place  be 
encountered  anywhere  near  the  liae  of  march — for 
example,  a  mass  of  rotten  wood  abounding  in  insect 
larvsB,  a  delay  takes  place,  and  a  very  strong  force  of 
ants  is  concentrated  upon  it.' 

Belt,  also,  has  given  ^  an  excellent  account  of  these 
Ecitons.  He  observed  that  spiders  were  peculiarly 
intelligent  in  escaping  them,  making  off  several  yards 
in  advance ;  and  not  like  cockroaches-and  other  stupider 
insects,  taking  shelter  in  the  first  hiding-place,  where 
they  were  almost  sure  to  be  detected.  The  only  chance 
of  safety  was  either  to  run  right  away  or  to  stand  still. 
He  once  saw  a  Harvestman  {Phalangium)  standing 
in  the  midst  of  an  army  of  ants  with  the  greatest 
circumspection  and  coolness,  lifting  its  long  legs  one 
after  the  other.  Sometimes  as  many  as  five  out  of 
the  eight  would  be  in  the  air  at  once,  but  it  always 
found  three  or  four  spots  firee  firom  ants,  on  which  it 
could  safely  place  its  feet.  On  another  occasion.  Belt 
observed  a  green  leaf-like  locust,  which  remained  per- 
fectly still,  allowing  the  ants  to  run  over  it.  This 
they  did,  but  seem  to  have  been  quite  deceived  by  its 
appearance  and  immobility,  apparently  taking  it  for  a 
leaf. 

In  other  cases,  insects  mimic  ants,  and  thus  escape 
attack  or  are  able  to  stalk  their  prey.  Belt  mentions 
a  spider  which  in  its  form,  colour,  and  movements  so 

'  The  NaturaMst  in,  Nlea/raguay  p.  17. 
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much  resembled  an  ant,  that  he  was  himself  for  some 
time  deceived. 

Nor  are  ants  without  their  enemies.  We  all  know 
how  fond  birds  are  of  their  larvae  and  pupae.  They  have 
also  numerous  parasites.  I  have  already  alluded  to  the 
mites  which  are  often  found  in  ants'  nests.  These  are 
•of  several  kinds ;  one  of  them,  not  uncommon  in  the 
nests  of  Lasiua  flavus^  turned  out  to  be  a  new  species, 
and  has  been  described  for  me  by  Mr.  Michael  (see 
Appendix). 

Certain  species  of  Diptera,  belonging  to  the  family 
Phoridae,  are  also  parasitic  on  ants.  As  already  men- 
tioned, I  forwarded  specimens  to  Mr.  Verrall,  who  finds 
that  some  of  them  are  a  new  species  of  the  genus  Phora, 
and  that  among  them  is  also  the  type  of  a  new  genus, 
which  he  proposes  to  call  Platyphora,  doing  me  the 
honour  of  naming  the  species  after  me.  I  subjoin  his 
description  in  the  appendix. 

But  the  social  and  friendly  relations  which  exist 
between  ants  and  other  animals  are  of  a  more  complex 
and  much  more  interesting  character. 

It  has  long  been  known  that  ants  derive  a  very 
important  part  of  their  sustenance  from  the  sweet 
juice  excreted  by  aphides.  These  insects,  in  fact, 
as  has  been  over  and  over  again  observed,  are  the 
cows  of  the  ants ;  in  the  words  of  Linnaeus,  *  Aphis 
formicarum  vacca.'  A  good  account  of  the  rela- 
tions  existing  between  ants   and  aphides  was  given 
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more  than  a  hundred  years  ago  by  the  Abbe  Boisier 
de  Sauvages.* 

Nor  are  the  aphides  the  only  insects  which  serve  as^ 
cows  to  the  ants.  Various  species  of  Coccidse, 
Cercopis,  Centrotus,  Membracis,  &c.,  are  utilised  in  the 
same  manner.  H.  Edwards  ^  and  M'Cook  '  have  observed 
ants  licking  the  larva  of  a  butterfly,  Lyccena  pseudar-- 
giolua. 

The  diflferent  species  of  ants  utilise  different  species 
of  aphis.  The  common  brown  garden  ant  {Lasiu» 
niger)  devotes  itself  principally  to  aphides  which 
frequent  twigs  and  leaves;  Lasivs  brunneus,  to  the 
aphides  which  live  on  the  bark  of  trees;  while  the 
little  yellow  ant  {Laaiua  flavus)  keeps  flocks  and  herds 
of  the  root-feeding  aphides. 

In  feet,  to  this  difference  of  habit  the  difference  of 
colour  is  perhaps  due.  The  Baltic  amber  contains 
among  the  remains  of  many  other  insects  a  species  of 
ant  intermediate  between  our  small  brown  garden  ants 
and  the  little  yellow  meadow  ants.  This  is  possibly 
the  stock  from  which  these  and  other  allied  species  are 
descended.  One  is  tempted  to  suggest  that  the  brown 
species  which  live  so  much  in  the  open  air,  and  climb 
up  trees  and  bushes,  have  retained  and  even  deepened 
their  dark  colour;  while  others,  such  as  Laaiua  JlavuSy 


'  Ohtervations  9wr   Vorigine  du  miel,  par  TAbbfi   Boisier  da 
Sauvages,  Jour,  de  Physiqtte,  vol.  i.  p.  187. 

*  Ca/nadia7i  Untomologist,  January  1878. 

•  The  Motmd-mahmg  Ants  of  the  Alleghenies,  p.  289. 
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the  yellow  meadow  ant,  which  lives  almost  entirely 
below  ground,  has  become  much  paler. 

The  ants  may  be  said  almost  literally  to  milk  the 
aphides;  for,  as  Darwin  and  others  have  shown,  the 
aphides  generally  retain  the  secretion  until  the  ants 
are  ready  to  receive  it.  The  ants  stroke  and  caress  the 
aphides  with  their  antennae,  and  the  aphides  then 
emit  the  sweet  secretion. 

As  the  honey  of  the  aphides  is  more  or  less  sticky, 
it  is  probably  an  advantage  to  the  aphis  that  it  should 
be  removed.  Nor  is  this  the  only  service  which  ants 
render  to  them.  They  protect  them  from  the  attacks 
of  enemies ;  and  not  unfrequently  even  build  cowsheds 
of  earth  over  them.  The  yellow  ants  collect  the  root- 
feeding  species  in  their  nests,  and  tend  them  as  carefully 
as  their  own  young.  But  this  is  not  all.  The  ants  not 
only  guard  the  mature  aphides,  which  are  useful ;  but 
also  the  eggs  of  the  aphides,  which  of  course,  until 
they  come  to  maturity,  are  quite  useless.  These  eggs 
were  first  observed  by  our  countryman  Gould,  whose 
excellent  little  work  on  ants  ^  h^,s  hardly  received  the 
attention  it  deserves.  In  this  case,  however,  he  fell 
into  error.  He  states  that  Hhe  queen  ant'  [he  is 
speaking  oiLasius  fiavus]  '  lays  three  different  sorts  of 
eggs,  the  slave,  female,  and  neutral.  The  two  first  are 
deposited  in  the  spring,  the  last  in  July  and  part  of 
August;  or,  if  the  summer  be  extremely  favourable, 

*  An  Account  of  English  AnU,  by  the  Rev.  W.   Gould,  1747 
p.  36. 
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perhaps  a  little  sooner.  The  female  eggs  are  covered 
with  a  thin  black  membrane,  are  oblong,  and  about 
the  sixteenth  or  seventeenth  part  of  an  inch  in  length. 
The  male  eggs  are  of  a  more  brown  complexion,  and 
usually  laid  in  March.' 

These  dark  eggs  are  not  those  of  ants,  but  of 
aphides.  The  error  is  very  pardonable,  because  the 
ants  treat  these  eggs  exactly  as  if  they  were  their  own,, 
guarding  and  tending  them  with  the  utmost  care.  I 
first  met  with  them  in  February  1876,  and  was  much 
astonished,  not  being  at  that  time  aware  of  Huber's- 
observations.  I  found,  as  Huber  had  done  before  me^ 
that  the  ants  took  great  care  of  these  brown  bodies^ 
carrying  them  off  to  the  lower  chambers  with  the 
utmost  haste  when  the  nest  was  disturbed.  I  brought 
some  home  with  me  and  put  them  near  one  of  my 
own  nests,  when  the  ants  carried  them  inside.  That 
year  I  was  unable  to  carry  my  observations  farther. 
In  1877  I  again  procured  some  of  the  same  eggs,  and 
offered  them  to  my  ants,  who  carried  them  into  the 
nest,  and  in  the  course  of  March  I  had  the  satisfaction 
of  seeing  them  hatch  into  young  aphides.  M.  Hubert 
however,  did  not  think  that  these  were  ordinary  eggs^ 
On  the  contrary,  he  agreed  with  Bonnet,  *  that  the 
insect,  in  a  state  nearly  perfect,  quits  the  body  of  its 
mother  in  that  covering  which  shelters  it  from  the  cold 
in  winter,  and  that  it  is  not,  as  other  germs  are,  in  the 
egg  surrounded  by  food  by  means  of  which  it  is  de- 
veloped and  supported.     It  is  nothing  more  than  an 
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asylum  of  which  the  aphides  bom  at  another  season 
have  no  need ;  it  is  on  this  account  some  are  produced 
naked,  others  enveloped  in  a  covering.  The  mothers 
are  not,  then,  truly  oviparous,  since  their  young  are 
almost  as  perfect  as  they  ever  will  be,  in  the  asylum  in 
which  Nature  has  placed  them  at  their  birth.'  ^ 

This  is,  I  think,  a  mistake.  I  do  not  propose  here 
to  describe  the  anatomy  of  the  aphis;  but  I  may 
observe  that  I  have  examined  the  female,  and  find 
these  eggs  to  arise  in  the  manner  described  by  Huxley,^ 
and  which  I  have  also  myself  observed  in  other  aphides 
and  in  allied  genera.'  Moreover,  I  have  opened  the  eggs 
themselves,  and  have  also  examined  sections,  and  have 
satisfied  myself  that  they  are  really  eggs  containing 
ordinary  yelk.  So  fer  firom  the  young  insect  being 
*  nearly  perfect,'  and  merely  enveloped  in  a  protective 
membrane,  no  limbs  or  internal  organs  are  present. 
In  fact,  the  young  aphis  does  not  develop  in  them 
until  shortly  before  they  are  hatched.^ 

When  my  eggs  hatched  I  naturally  thought  that 
the  aphides  belonged  to  one  of  the  species  usually 
found  on  the  roots  of  plants  in  the  nests  of  Lasiua 
flavua.    To  my  surprise,  however,  the  young  creatures 

>  The  Natwral  History  of  Ants,  by  M.  P.  Huber,  1820,  p.  246. 

*  lA/nnecm  Transaetions,  1858. 

'  PMlosopMoal  Trcmsaetions,  1859. 

*  I  do  not  enter  here  into  the  technical  question  of  the  difference 
between  ova  and  psendova.  I  believe  these  to  be  tme  ova,  bnt  the 
point  is  that  they  are  not  a  mere  envelope  containing  a  young  aphis, 
bat  eggs  in  the  ordinary  sense,  the  contents  of  which  consist  of  yelk, 
and  in  which  the  young  aphis  is  gradoaUy  developed. 
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made  the  best  of  their  way  out  of  the  nest,  and,  indeed, 
were  sometimes  brought  out  by  the  ants  themselves. 
In  vain  I  tried  them  with  roots  of  grass  &c.;  they 
wandered  uneasily  about,  and  eventually  died.  Mwe- 
over,  they  did  not  in  any  way  resemble  the  subterranean 
species.  In  1878  I  again  attempts  to  rear  these 
young  aphides ;  but  though  I  hatched  a  great  many 
eggs,  I  did  not  succeed.  In  1879,  however,  I  was  more 
fortunate.  The  eggs  commenced  to  hatch  the  first 
week  in  March.  Near  one  of  my  nests  of  Laaiua 
flavuSj  in  which  I  had  placed  some  of  the  eggs  in 
question,  was  a  glass  containing  living  specimens  of 
several  species  of  plant  commonly  found  on  or  around 
ants'  nests.  To  this  some  of  the  young  aphides  were 
brought  by  the  ants.  Shortly  afterwards  I  observed  on 
a  plant  of  daisy,  in  the  axils  of  the  leaves,  some  small 
aphides,  very  much  resembling  those  from  my  nest, 
though  we  had  not  actually  traced  them  continuously. 
They  seemed  thriving,  and  remained  stationary  on  the 
daisy.  Moreover,  whether  they  had  sprung  from  the 
black  eggs  or  not,  the  ants  evidently  valued  them,  for 
they  built  up  a  wall  of  earth  round  and  over  them. 
So  things  remained  throughout  the  summer ;  but  on 
the  9th  October  I  found  that  the  aphides  had  laid  some 
eggs  exactly  resembling  those  found  in  the  ants'  nests ; 
and  on  examining  daisy-plants  from  outside,  I  found 
on  many  of  them  similar  aphides,  and  more  or  less  of 
the  same  eggs. 

I  confess  these  observations  surprised  me  very  much. 
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The  statements  of  Huber,  though  confirmed  by 
Schmarda,  have  not,  indeed,  attracted  so  much  notice 
as  many  of  the  other  interesting  facts  which  they  have 
recorded ;  because  if  aphides  are  kept  by  ants  in  their 
nests,  it  seems  only  natural  that  their  eggs  should 
also  occur.  The  above  case,  however,  is  much  more 
remarkable.  Here  are  aphides,  not  living  in  the  ants' 
nests,  but  outside,  on  the  leaf-stalks  of  plants.  The 
eggs  are  laid  early  in  October  on  the  food-plant  of 
the  insect.  They  are  of  no  direct  use  to  the  ants, 
jet  they  are  not  left  where  they  are  laid,  exposed  to  the 
severity  of  the  weather  and  to  inniunerable  dangers, 
hut  brought  into  their  nests  by  the  ants,  and  tended 
by  them  with  the  utmost  care  through  the  long  winter 
months  until  the  following  March,  when  the  young  ones 
are  brought  out  and  again  placed  on  the  young  shoots  of 
the  daisy.  This  seems  to  me  a  most  remarkable  case 
of  prudence.  Our  ants  may  not  perhaps  lay  up  food 
iox  the  winter ;  but  they  do  more,  for  they  keep  during 
six  months  the  eggs  which  will  enable  them  to  procure 
food  during  the  following  summer,  a  case  of  prudence 
unexampled  in  the  animal  kingdom. 

The  nests  of  our  conamon  yellow  ant  {Lasius  flavus) 
•contain  in  abundance  four  or  five  species  of  aphis, 
more  than  one  of  which  appears  to  be  as  yet  undescribed. 
In  addition,  however,  to  the  insects  belonging  to  this 
family,  there  are  a  large  number  of  others  which  live 
habitually  in  ants'  nests,  so  that  we  may  truly  say  that 
•our  English  ants  possess  a  much  greater  variety  of 
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domestic  animals  than  we  do  ourselves.  Markel  satis- 
fied himself  that  large  nests  of  Formica  rufa  might 
contain  at  least  a  thousand  of  such  guests ;  ^  and  I 
believe  that  the  aphides  in  a  large  nest  of  Lasvus 
fiavus  would  often  be  even  more  numerous.  Andr6  *' 
gives  a  Kst  of  no  less  than  584  species  of  insects^ 
which  are  habitually  found  in  association  with  ants^ 
and  of  which  542  are  beetles. 

The  association  of  some  of  these  insects  with  ants 
may  be  purely  accidental  and  without  significance. 
In   some  of  them  no  doubt  the  bond  of  union  is 
merely  the  selection  of  similar  places  of  abode;  in 
some  few  others  the  ants  are  victimized  by  parasites  of" 
which  they  cannot  rid  themselves.     There  are,   for- 
instance,  the  parasitic  mites,  and  the  small  black  fly, 
belonging  to  the  genus  Phora,  which  lays  her  eggs  on;: 
ants,  and  which  I  have  already  mentioned.    Then  there- 
are  some  insects,  such  as  the  caterpillar  of  that  beautiftd 
beetle,  the  rosechafer,  which  find  a  congenial  place  of 
residence  among  the  collection  of  bits  of  stick,  &c., 
with  which  certain  species  of  ants  make  their  nests. 

Another  class  of  ant  guests  are  those  which  reside 
actually  in  the  galleries  and  chambers  of,  and  with,  the 
ants,  but  which  the  latter  never  touch.  Of  these  the 
commonest  in  England  are  a  species  allied  to  Podura,. 
for  which  I   have  proposed  the  name  Beckia  (PI.  V.. 

>  Beit,  vwr  Xenntnits  der  unter  Ameisen    Ubenden   Imekt&n^ 
MSrkel,  Qerrna/i^i  Zeit.f,  Bnt.  1841,  p.  210. 
*  Bev.  et  Mag,  de  Zool,  1874,  p.  205. 
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fig.  5).  It  is  an  active  bustling  little  being,  and  I 
have  kept  hundreds,  I  may  say  thousands,  in  my 
nests.  They  run  about  in  and  out  among  the  ants,  keep- 
ing their  antennae  in  a  perpetual  state  of  vibration. 
Another  very  common  species  is  a  sort  of  white  wood- 
louse  (PI.  V.  fig.  7),  which  enjoys  the  rather  long  name 
of  Platyarthrua  Hoffmanseggii.  Andr^  only  mentions 
Platyarthrus  as  living  with  Formica  rufa,  Myrmica 
scal/rmodis,  and  Leptothorax  acervorum,  I  have 
found  it  also  with  Lasius  nigevy  L.  flavus,  cmd  F. 
fusca.  It  runs  about,  and  is  evidently  at  home, 
among  the  ants.  Both  Platyarthrus  and  Beckiay 
from  living  constantly  in  the  dark,  have  become 
blind;  I  say  *have  become,'  because  their  ancestors 
no  doubt  had  eyes.  In  neither  of  these  cases  have  I 
ever  seen  an  ant  take  the  slightest  notice  of  either  of 
these  insects.  One  might  almost  imagine  they  had 
the  cap  of  invisibility. 

It  is  certain  that  the  ants  intentionally  (if  I 
may  so  say)  sanction  the  residence  of  these  insects 
in  their  nests.  An  imauthorised  interloper  would  be 
at  once  killed.  I  have,  therefore,  ventured  to  suggest 
that  these  insects  may,  perhaps,  act  as  scavengers. 

In  other  cases  the  association  is  more  close,  and  the 
ants  take  the  greatest  care  of  their  guests. 

It  appears  that  many  of  these  insects  produce  a 
secretion  which  serves  as  food  for  the  ants.  This  is 
certainly  the  case,  for  instance,  with  the  curious  blind 
beetle,  Claviger  (PI.  V,  fig.  8),  (so  called  firom  its  club- 
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shaped  antennae),  which  is  quite  blind,^  and  appears  to 
be  absolutely  dependent  upon  the  ants,  as  Miiller  first 
pointed  out.  It  even  seems  to  have  lost  the  power  of 
feeding  itself ;  at  any  rate  it  is  habitually  fed  by  the  ants, 
who  supply  it  with  nourishment  as  they  do  one  another. 
Miiller  saw  the  ants  caressing  the  beetles  with  their 
antennae.  The  Clavigers  have  certain  tufts  of  hairs  at  the 
base  of  the  elytra,  and  Miiller,  whose  observations  have 
since  been  confirmed  by  subsequent  entomologists,  saw 
the  ants  take  their  tufts  of  hairs  into  their  mouths  and 
lick  them,  as  well  as  the  whole  upper  surface  of  the  body, 
with  apparently  the  greatest  enjoyment.  Grimm  ^  has 
made  a  similar  observation  with  reference  to  Dinarda 
dentatay  another  of  these  myrmecophilous  beetles. 
He  several  times  observed  the  ants  licking  the  tuft 
of  hairs  at  the  end  of  the  abdomen.  Lesp^s  '  has  con- 
firmed this.  On  one  occasion  he  saw  an  ant  feed  a 
Lomechusa.  Several  of  the  former  were  sucking  a 
morsel  of  sugar.  The  beetle  approached  one  of  them, 
and  tapped  her  several  times  on  the  head  with  her 
antennae.  The  ant  then  opened  her  mandibles,  and  fed 
the  Lomechusa  as  she  would  have  done  one  of  her  own 
species.  The  Lomechusa  crept  on  the  sugar,  but  did 
not  appear  able  to  feed  herself. 

As  might  naturally  be  expected  the  myrmecophilous 
insects  are  not  found  indiscriminately  in  the  nests  of 

>  Oermar's  Mag.  de  Zool,  1818,  p.  69. 

«  Stettin,  Ent.  ZeU.  1845,  p.  123. 

«  Ann.  Soc,  Ent.    France,  1866,  p.  61. 
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ants,  but  while  some  associate  with  several  species,, 
many  are  confined  to  a  few  or  even  to  one. 

V.  Hagens  is  of  opinion^  that  in  some  of  these 
beetles  which  frequent  the  nests  of  two  or  more  species 
of  ant,  varieties  have  been  produced.  Thus  he  has 
observed  that  the  specimens  of  Thiaaophila  angulata 
in  nests  of  Formica  congerena  are  darker  than  those 
found  with  F.  exaecta.  Hetceriua  seaquicomis  found 
with  Laaiua  niger  and  TapvnoTna  erraticum  are 
smaller  than  those  which  occur  in  the  nests  of  larger 
ants ;  and  the  form  of  Dinarda  dentata^  which  is  met 
with  in  nests  of  F.  aangumea^  has  rather  wider  wing- 
cases  than  the  normal  type. 

I  would  by  no  means  intend  to  imply  that  the 
relations  between  ants  and  the  other  insects  which 
live  with  them  are  exhausted  by  the  above  suggestions. 
On  the  contrary,  various  other  reasons  may  be  imagined 
which  may  render  the  presence  of  these  insects  useful 
or  agreeable  to  the  ants.  For  instance,  they  may  emit 
an  odour  which  is  pleasant  to  the  ants.  Again,  Mr. 
Francis  Galton  has,  I  think,  rendered  it  very  probable 
that  some  of  our  domestic  animals  were  kept  as  pets 
before  they  were  made  of  any  use.  Unlikely  as  this 
may  appear  in  some  cases,  for  instance  in  the  pig,  we 
know  as  a  fact  that  pigs  are  often  kept  by  savages  as 
pets.  I  would  not  put  it  forward  as  a  suggestion 
which  can  be  supported  by  any  solid  reasoning,  but  it 

1  Berlin.  Ent.  Zdt,  1865,  p.  108. 
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seems  not  altogether  impossible  that  some  of  these 
tame  insects  may  be  kept  as  pets. 

It  is  from  this  point  of  view  a  very  interesting  feet 
that,  according  to  Forel,  in  the  cases  of  Chenniwm  and 
Batrisua  there  is  rarely  more  than  one  beetle  in  each 
nest.^ 

I  now  come  to  the  relations  existing  between  the 
different  species  of  ants. 

It  is  hardly  necessary  to  say  that,  as  a  general  rule, 
each  species  lives  by  itself.  There  are,  however,  some  in- 
teresting exceptions.  The  little  Stenamma  Weatwoodii 
(PI.  III.  fig.  3)  is  found  exclusively  in  the  nests  of  the 
much  larger  F.  rufa  and  the  allied  F.pratenais.  We  do 
not  know  what  the  relations  between  the  two  species  are. 
The  StenammaSj  however,  follow  the  Formicas  when 
they  change  their  nest,  running  about  among  them  and 
between  their  legs,  tapping  them  inquisitively  with 
their  antennae,  and  even  sometimes  climbing  on  to 
their  backs,  as  if  for  a  ride,  while  the  large  ants  seem 
to  take  little  notice  of  them.  They  almost  seem  to  be 
the  dogs,  or  perhaps  the  cats,  of  the  ants.  Another  small 
species,  Solenopsis  fugax  (PL  III.  fig.  4),  which  makes 
its  chambers  and  galleries  in  the  walls  of  the  nests  of 
larger  species,  is  the  bitter  enemy  of  its  hosts.  The 
latter  cannot  get  at  them,  because  they  are  too  large 
to  enter  the  galleries.  The  little  Solenopaisy  there- 
fore, are  quite  safe,  and,  as  it  appears,  make  incursions 
into  the  nurseries  of  the  larger  ant,  and  carry  off  the 

>  Ibwrmis  de  la  Suisse,  p.  426. 
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larvae  as  food.  It  is  as  if  we  had  small  dwarfs,  about 
eighteen  inches  to  two  feet  long,  harbouring  in  the 
walls  of  our  houses,  and  every  now  and  then  carrying 
oflf  some  of  our  children  into  their  horrid  dens. 

Most  ants,  indeed,  will  carry  oflf  the  larvae  and  pupae 
of  others  if  they  get  a  chance ;  and  this  explains,  or  at 
any  rate  throws  some  light  upon,  that  most  remarkable 
phenomenon,  the  existence  of  slavery  among  ants.  If 
you  place  a  number  of  larvae  and  pupae  in  front  of  a 
nest  of  the  Horse  ant  (JP.  rufa)^  for  instance,  they  are 
soon  carried  oflf;  and  those  which  are  not^  immediately 
required  for  food  remain  alive  for  some  time,  and  are 
even  fed  by  their  captors. 

Both  the  Horse  ant  {Formica  rufay  PI.  II.  fig.  5) 
and  the  slave  ant  {F.  fuacOy  PI.  I.  fig.  3)  are  abun- 
dant species,  and  it  must  not  unfrequently  occur 
that  the  former,  being  pressed  for  food,  attack  the 
latter  and  carry  oflf  some  of  their  larvae  and  pupae. 
Under  these  circumstances  it  no  doubt  occasionally 
happens  that  the  pupae  come  to  maturity  in  the  nests 
of  the  Horse  ant,  and  it  is  said  that  nests  are  some- 
times, though  rarely,  found  in  which,  with  the  legiti- 
mate owners,  there  are  a  few  F.  fuacaa.  With  the 
Horse  ant  this  is,  however,  a  very  rare  and  exceptional 
phenomenon ;  but  with  an  allied  species,  F.  sanguinea 
(PI.  I.  fig.  6),  a  species  which  exists  in  some  of  our 
southern  counties  and  throughout  Europe,  it  has  be- 
come an  established  habit.  The  F.  sangui/aeaa  make 
periodical  expeditions,  attack  neighbouring  nests,  and 
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• 

carry  oflF  the  pupae.  When  the  latter  come  to  maturity 
they  find  themselves  in  a  nest  consisting  partly  of  F^ 
8anguinea8y  partly  of  their  own  species,  the  results  of 
previous  expeditions.  They  adapt  themselves  to  cir- 
cumstances, assist  in  the  ordinary  household  duties, 
and,  having  no  young  of  their  own  species,  feed  and 
tend  those  of  the  F.  aangumeas.  But  though  the  F. 
aangui/neas  are  thus  aided  by  their  slaves,  or  as  they 
should  rather  perhaps  be  called,  their  auidliaries,  they 
have  not  themselves  lost  the  instinct  of  working.  It 
seems  not  improbable  that  there  is  some  division  of 
functions  between  the  two  species,  but  we  have  as  yet 
no  distinct  knowledge  on  this  point ;  and  at  any  rate 
the  F,  sangumeas  can  *  do '  for  themselves,  and  carry 
on  a  nest,  if  necessary,  without  slaves. 

The  species  usually  enslaved  by  F.  aanguiviea  are 
Formica  fusca  and  F.  rufibarbiSj  which  indeed  are  so 
similar  that  they  are  perhaps  varieties  rather  than 
species.  Sometimes  both  occur  in  the  same  nest. 
Andre  says  that  they  also  make  slaves  of  Formica 
gagates}  Schenk  asserts^  the  same  of  Laaiua  aZienuSy 
and  F.  Smith  of  Z.  flavua^  but  Forel  denies  these 
statements.' 

Another  species,  Polyergus  rufescens^  is  much 
more  dependent  on  its  slaves,  being,  indeed,  almost 
entirely  so. 

»  Rev.  et  Mag.  de  Zool.  1874,  p.  164. 

*  Cat.  of  Brit.  Foss.  Hymen.,  p.  7. 

•  Fov/rmu  de  la  Suisse,  p.  363. 
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For  the  knowledge  of  the  existence  of  slavery 
among  ants  we  are  indebted  to  Huber,^  and  I  cannot 
resist  quoting  the  passage  in  which  he  records  his 
-discovery : — '  On  June  17,  1804,'  he  says,  *  while  walk- 
ing in  the  environs  of  Geneva,  between  four  and  five 
in  the  evening,  I  observed  close  at  my  feet,  traversing 
the  road,  a  legion  of  Rufescent  ants. 

'  They  moved  in  a  body  with  considerable  rapidity 
and  occupied  a  space  of  from  eight  to  ten  inches  in 
length,  by  three  or  four  in  breadth.  In  a  few  minutes 
they  quitted  the  road,  passed  a  thick  hedge,  and  entered 
a  pasture  ground,  where  I  followed  them.  They 
wound  along  the  grass  without  straggling,  and  their 
-column  remained  unbroken,  notwithstanding  the  ob- 
stacles they  had  to  surmount.  At  length  they  ap- 
proached a  nest,  inhabited  by  dark  ash-coloured  ants, 
the  dome  of  which  rose  above  the  grass,  at  a  distance 
of  twenty  feet  from  the  hedge.  Some  of  its  inhabitants 
were  guarding  the  entrance ;  but,  on  the  discovery  of 
an  approaching  army,  darted  forth  upon  the  advanced 
guard.  The  alarm  spread  at  the  same  moment  in  the 
interior,  and  their  companions  came  forth  in  numbers 
from  their  underground  residence.  The  Rufescent  ants, 
the  bulk  of  whose  army*  lay  only  at  the  distance  of  two 
paces,  quickened  their  march  to  arrive  at  the  foot  of 
the  ant-hill;  the  whole  battalion,  in  an  instant,  fell 
upon  and  overthrew  the  ash-coloured  ants,  who,  after 
a  short  but  obstinate  conflict,  retired  to  the  bottom  of 

»  The  Natv/ral  Butory  of  AntSy  by  M.  P.  Huber,  p.  249. 
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their  nest.  The  Rufescent  ants  now  ascended  the 
hillock,  collected  in  crowds  on  the  summit,  and  took 
possession  of  the  principal  avenues,  leaving  some  of 
their  companions  to  work  an  opening  in  the  side  of  the 
ant-hill  with  their  teeth.  Success  crowned  their  enter- 
prise, and  by  the  newly-made  breach  the  remainder  of 
the  army  entered.  Their  sojourn  was,  however,  of 
short  duration,  for  in  three  or  four  minutes  they 
returned  by  the  same  apertures  which  gave  them 
entrance,  each  bearing  off  in  its  mouth  a  larva  or  a 
pupa.' 

The  expeditions  generally  start  in  the  afternoon,, 
and  are  from  100  to  2,000  strong. 

Polyergua  rufeacens  present  a  striking  lesson  of 
the  degrading  tendency  of  slavery,  for  these  ants  have 
become  entirely  dependent  on  their  slaves.  Even 
their  bodily  structure  has  undergone  a  change;  the 
mandibles  have  lost  their  teeth,  and  have  become  mere 
nippers,  deadly  weapons  indeed,  but  useless  except  in 
war.  They  have  lost  the  greater  part  of  their  instincts  r 
their  art,  that  is,  the  power  of  building ;  their  domestic 
habits,  for  they  show  no  care  for  their  own  young,  all 
this  being  done  by  the  slaves ;  their  industry — ^they 
take  no  part  in  providing  the  daily  supplies ;  if  the 
colony  changes  the  situation  of  its  nest,  the  masters 
are  all  carried  by  the  slaves  on  their  backs  to  the  new 
one ;  nay,  they  have  even  lost  the  habit  of  feeding. 
Huber  placed  thirty  of  them  with  some  larvae  and  pupae 
and  a  supply  of  honey  in  a  box.     *  At  first,'  he  says,. 
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Hhey  appeared  to  pay  some  little  attention  to  the 
larvae ;  they  carried  them  here  and  there,  but  presently 
replaced  them.  More  than  one-half  of  the  Amazons 
died  of  hunger  in  less  than  two  days.  They  had  not 
even  traced  out  a  dwelling,  and  the  few  ants  still  in 
existence  were  languid  and  without  strength.  I  com- 
miserated their  condition,  and  gave  them  one  of  their 
black  companions.  This  individual,  unassisted,  estab- 
lished order,  formed  a  chamber  in  the  earth,  gathered 
together  the  larvae,  extricated  several  young  ants  that 
were  ready  to  quit  the  condition  of  pupae,  and  preserved 
the  life  of  the  remaining  Amazons.' 

This  observation  has  been  fully  confirmed  by  other 
naturalists.  However  small  the  prison,  however  large 
the  quantity  of  food,  these  stupid  creatures  will  starve 
in  the  midst  of  plenty  rather  than  feed  themselves. 

M.  Forel  was  kind  enough  to  send  me  a  nest  of 
PolyerguSy  and  I  kept  it  under  observation  for  more 
than  four  years.  My  specimens  of  Polyergus  certainly 
never  fed  themselves,  and  when  the  community  changed 
its  nest,  which  they  did  several  times,  the  mistresses 
were  carried  from  the  one  to  the  other  by  the  slaves. 
I  was  even  able  to  observe  one  of  their  marauding  ex- 
peditions, in  which,  however,  the  slaves  took  a  part. 

I  do  not  doubt  that,  as  Huber  tells  us,  specimens  of 
Polyergus  if  kept  by  themselves  in  a  box  would  soon 
die  of  starvation,  even  if  supplied  with  food.  I  have, 
however,  kept  isolated  specimens  for  three  months  by 
giving  them  a  slave  for  an  hour  or  two  a  day  to  clean 

Q  2 
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and  feed  them:  under  these  circumstances  they  re- 
mained in  perfect  health,  while,  but  for  the  slaves, 
they  would  have  perished  in  two  or  three  days.  Ex- 
cepting the  slave-making  ants,  and  some  of  the  Myr- 
mecophUous  beetles  above  described,  I  know  no  case 
in  nature  of  an  animal  having  lost  the  instinct  of 
feeding. 

In  P.  rufeacens,  the  so-called  workers,  though 
thus  helpless  and  idle,  are  numerous,  energetic*  and 
in  some  respects  even  brilliant.  In  another  slave- 
making  ant,  StrongylogTiathuSj  the  workers  are 
much  less  nimierous,  and  so  weak  that  it  is  an  un- 
solved problem  how  they  contrive  to  make  slaves. 
In  the  genus  Strongylognathvs  there  axe  two  species, 
8.  huberi  and  S.  teataceua.  8.  huberi,  which  was 
discovered  by  Forel,  very  much  resembles  Polyergua 
Tufeaceaa  in  habits.  They  have  sabre-like  mandibles, 
like  those  of  PolyerguSy  and  their  mode  of  fighting  is 
similar,  but  they  are  much  weaker  insects ;  they  make 
slaves  of  Tetramorium  cceapitum,  which  they  carry  oflf 
as  pupae.  In  attacking  the  Tetramoriuma  they  seize 
them  by  the  head  with  their  jaws,  just  in  the  same 
way  as  Polyergna^  but  have  not  strength  enough  to 
pierce  them  as  the  latter  do.  Nevertheless,  the  Tetra^ 
TTiormma  seem  much  afiraid  of  them. 

The  other  species,  8trongylog7iathua  teatdceua,  is 
even  weaker  than  8.  hwheri^  and  their  mode  of  life  is 
still  in  many  respects  an  enigma.  They  also  keep  the 
workers  of  Tetramorium  in,   so  to  say,  a  state  of 
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slavery,  but  how  they  procure  the  slaves  is  still  a 
mystery.  They  fight  in  the  same  manner  as  Polyergua ; 
but  yet  Schenk,  Von  Hagens,  and  Forel  all  agree  that 
they  are  no  match  for  the  Tetrmnoriuma^  a  courageous 
species,  and  one  which  lives  in  large  communities.  On 
one  occasion  Forel  brought  a  nest  of  TetramoriuTn 
and  put  it  down  very  near  one  of  Strongylognoir' 
iku8  teataceua  with  Tetramorium  slaves.  A  battle  at 
once  commenced  between  the  two  communities.  The 
StrongylogTiathus  rushed  boldly  to  the  fight,  but, 
though  their  side  won  the  day,  this  was  mainly  due 
to  the  slaves.  The  Strongylognathus  themselves  were 
almost  all  killed ;  and  though  the  energy  of  their  attack 
seemed  at  first  to  disconcert  their  opponents,  Forel 
assures  us  that  they  did  not  succeed  in  killing  even  a 
single  Tetramorium.  In  fiact,  as  Forel  graphically 
observes,  Strongylognathus  is  *  une  triste  caricature  * 
of  PolyerguSy  and  it  seems  almost  impossible  that  by 
themselves  they  could  successfully  attack  a  nest  of 
Tetramorium,.  Moreover,  in  Strongylognathus^  the 
workers  are  comparatively  few.  Nevertheless,  they  are 
always  found  with  the  TetramoriuTns,  and  in  these 
mixed  nests  there  are  no  males  or  females  of  Tetror- 
moriumy  but  only  those  of  Strongylognathus.  Again, 
the  whole  work  of  the  nest  is  done  by  the  slaves, 
though  Strongylognjathus  has  not,  like  PolyergnSy 
entirely  lost  the  power  of  feeding  itself. 

But  if  the  economy  of  Strongylognathus  is  an 
enigma,  that  of  Anergates  is  still  more  mysterious.        i 
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The  genus  Anergates  was  discovered  by  Schenk,^ 
who  found  a  small  community  consisting  of  males, 
females  and  workers,  which  he  naturally  supposed  to 
belong  to  one  species.  Mayr,  however,  pointed  out  * 
that  the  workers  were  in  feet  workers  of  Tetramori/iim 
ccBspitum ;  and  it  would  appear  that  while  in  Strongy- 
lognathus  the  workers  are  compafatively  few,  ATier- 
gates  differs  from  all  other  ants  in  having  no  workers 
at  all.  The  males  and  females  live  with  Tetramorium 
ccespUurrv,  and  are  in  several  respects  very  peculiar, — 
for  instance,  the  male  is  wingless.  One  might  consider 
it  rather  a  case  of  parasitism  than  of  slavery,  but  the 
diflBculty  is  that  in  these  mixed  nests  there  are  no  males, 
females,  or  yoimg  of  Tetramorium.  As  to  this  all  ob- 
servers are  agreed.  It  seems  quite  clear  that  Aner- 
gates cannot  procure  its  slaves,  if  such  they  are,  by 
marauding  expeditions  like  those  of  Polyergua ;  in  the 
first  place,  because  the  Anergates  are  too  few,  and 
secondly,  because  they  are  too  weak.  The  whole  ques- 
tion is  rendered  still  more  diflBcult  by  the  fexjt  that 
neither  Von  Hagens^  nor  Forel  ever  found  either  larvae 
or  pupae  of  Tetramorium  in  the  mixed  nests.  The  com- 
munity consisted  of  males  and  females  of  AnergOites, 
accompanied  and  tended  by  workers  of  Tetram/)rium 
ocespitum.     The  Anergates  are  absolutely  dependent 

>  <Die  Nassauischen  Ameisen-Species/  Stettin  Ent,  Zeit.  1863, 
p.  186. 

*  Ewop,  Formicida,  p.  66. 

•  Verh,  des  Natv/r,  Veremes  der  Preuss,  Mheinlande  und  West- 
phalens,  1867,  p.  63.  See  also  V.  Hagens.  JBerl.  Ent,  Zeit,  1867,  p.  102. 
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upon  their  slaves,  and  cannot  even  feed  themselves. 
The  whole  problem  is,  therefore,  most  puzzling  and 
interesting.^ 

As  regards  Strongylognathus,  Von  Hagens  made  two 
suggestions,  the  first  being  that  this  insect  is  really  a 
monstrous  form  of  Tetramorium.  This,  however, 
cannot  at  any  rate  be  the  case  with  Anergatea,  On 
the  whole,  then,  he  inclines  to  think  that  perhaps  the 
nests  containing  Strongylognathus  or  Anergates  are 
•only  parts  of  a  community,  and  that  the  young  of  the 
TetramoriuTTid  are  in  another  nest  of  the  same  com- 
mmiity.  This  would  account  for  the  absence  of  the 
young  of  the  TetraiTioriumSj  but  would  not  remove 
dl  the  difficulties.  It  is  in  other  respects  not 
•consistent  with  what  we  know  of  the  habits  of  ants, 
aad  on  the  whole  I  agree  with  Forel  in  thinking  the 
suggestion  untenable. 

The  difficulty  of  accounting  for  the  numbers  of 
Tetramoriu7n8y  coupled  with  the  absence  of  young, 
was  indeed  almost  insuperable  as  long  as  the  workers 
were  supposed  to  live  only  for  one  year..  My  observa- 
tions, however,  which  show  that  even  in  captivity  a 
nest  may  continue  for  five  years,  place  the  question  in 
a  different  position,  and  give  us,  I  think,  a  clue. 

On  the  whole,  I  would  venture  to  suggest  that  the 

male  and  female  Aifiergates  make  their  way  into  a  nest 

*•  On  the  contraxy,  in  Tomognathut  tubUevis,  a  Finland  species 
^hich  lives  in  the  nests  of  Leptotkoram  mutoorvm  and  Z.  aeervorwm^ 
the  workers  only  are  known.  The  male,  like  that  of  Anergates,  is 
wingless. 
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of  Tetramoriumy  and  in  some  manner  contrive  to  assas- 
sinate their  queen.  I  have  shown  that  a  nest  of  ant& 
may  continue,  even  in  captivity,  for  five  years,  without 
a  queen.  If,  therefore,  the  female  of  Anergatea  could 
by  violence  or  poison  destroy  the  queen  of  the  Tdra- 
7noriu7n8j  we  should  in  the  following  year  have  a  com-^ 
munity  composed  of  the  two  Anergatea^  their  young, 
and  workers  of  Tetramoriumy  in  the  manner  described 
by  Van  Hagens  and  Forel.  This  would  naturally  not 
have  suggested  itself  to  them,  because  if  the  life  of 
an  ant  had,  as  was  formerly  supposed,  been  confined 
to  a  single  season,  it  would  of  course  have  been  out  of 
the  question ;  but  as  we  now  know  that  the  life  of  ant& 
is  so  much  more  prolonged  than  had  been  supposed,  it 
is  at  least  not  an  impossibility. 

It  is  conceivable  that  the  Tetramoriv/ms  may  have 
gradually  become  harder  and  stronger ;  the  marauding 
expeditions  would  then  be  less  fruitful  and  more  dan- 
gerous, and  might  become  less  and  less  frequent.  If, 
then,  we  suppose  that  the  females  found  it  possible 
to  establish  themselves  in  nests  of  Tetramorium^  the 
present  state  of  things  would  almost  inevitably  be,  by 
degrees,  established.  Thus  we  may  explain  the  re- 
markable condition  of  StrongylognathuSy  armed  with 
weapons  which  it  is  too  weak  to  use,  and  endowed  with 
instincts  which  it  cannot  exercise. 

At  any  rate,  these  four  genera  oflFer  us  every  grada- 
tion from  lawless  violence  to  contemptible  parasitism^ 
Formica  sanguinea^  which  may  be  assumed  to  have 
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comparatively  recently  taken  to  slave-making,  has  not  as 
yet  been  materially  affected. 

Poly&rgus^  on  the  contrary,  already  illustrates  the 
lowering  tendency  of  slavery.  They  have  lost  their 
knowledge  of  art,  their  natural  affection  for  their 
young,  and  even  their  instinct  of  feeding !  They  are, 
however,  bold  and  powerful  marauders. 

In  Strongylognathus^  the  enervating  influence  of 
slavery  has  gone  further,  and  told  even  on  the  bodily 
strength.  They  are  no  longer  able  to  capture  their 
slaves  in  fair  and  open  warfare.  Still  they  retain  a 
semblance  of  authority,  and,  when  roused,  will  fight 
bravely,  though  in  vain. 

In  Anergatesy  finally,  we  come  to  the  last  scene  of 
this  sad  history.  We  may  safely  conclude  that  in 
distant  times  their  ancestors  lived,  as  so  many  ants 
do  now,  partly  by  hunting,  partly  on  honey ;  that  by 
degrees  they  became  bold  marauders,  and  gradually  took 
to  keeping  slaves ;  that  for  a  time  they  maintained 
their  strength  and  agility,  though  losing  by  degrees 
their  real  independence,  their  arts,  and  even  many  of 
their  instincts ;  that  gradually  even  their  bodily  force 
dwindled  away  under  the  enervating  influence  to 
which  they  had  subjected  themselves,  until  they  sank 
to  their  present  degraded  condition — weak  in  body  and 
mind,  few  in  numbers,  and  apparently  nearly  extinqt, 
the  miserable  representatives  of  far  superior  ancestors, 
maintaining  a  precarious  existence  as  contemptible 
parasites  of  their  former  slaves. 
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M.  Lesp^  has  given  a  short  but  interesting 
account  of  some  experiments  made  by  him  on  the 
relations  existing  between  ants  and  their  domestic 
animals,  from  which  it  might  be  inferred  that  even 
within  the  limits  of  a  single  species  some  communities 
are  more  advanced  than  others.  He  states  that  speci- 
mens of  the  curious  blind  beetle  Clavigery  which 
always  occurs  with  ants,  when  transferred  from  a  nest 
of  Lasius  niger  to  another  which  kept  none  of  these 
domestic  beetles,  were  invariably  attacked  and  eaten. 
From  this  he  infers  that  the  intelligence  necessary  to 
keep  Clavigers  is  not  coextensive  with  the  species,  but 
belongs  only  to  certain  communities  and  races,  which, 
so  to  say,  are  more  advanced  in  civilisation  than  the 
rest  of  the  species. 

With  reference  to  the  statements  of  Lespds,  I  have 
more  than  once  transferred  specimens  of  PlcUyarthrus 
from  one  nest  to  another,  and  always  found  them 
received  amicably.  I  even  placed  specimens  from 
a  nest  of  Lasius  flavus  in  one  of  Formica  fusca 
with  the  same  result.  I  brought  from  the  South  of 
France  some  specimens  of  a  different  species,  as  yet 
undescribed,  and  put  them  in  a  nest  of  Formica  fuscay 
where  they  lived  for  some  time,  and  brought  up  more 
than  one  brood  of  young.  These  creatures,  however, 
occur  in  most  ants'  nests,  while  Clavigers  are  only 
found  in  some. 

But  whether  there  are  diflFerences  in  advancement 
within  the  limits  of  the  same  species  or  not,  there  are 
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■certainly  considerable  differences  between  the  different 
species,  and  one  may  almost  fancy  that  we  can  trace 
stages  corresponding  to  the  principal  steps  in  the 
history  of  human  development. 

I  do  not  now  refer  to  slave-making  ants,  which 
represent  an  abnormal,  or  perhaps  only  a  temporary 
state  of  things,  for  slavery  seems  to  tend  in  ants  as  in 
men  to  the  degradation  of  those  by  whom  it  is 
adopted,  and  it  is  not  impossible  that  the  slave-making 
species  will  eventually  find  themselves  unable  to  com- 
pete with  those  which  are  more  self-dependent,  and 
have  reached  a  higher  phase  of  civilisation.  But 
putting  these  slave-making  ants  on  one  side,  we  find  in 
the  different  species  of  ants  different  conditions  of  life, 
curiously  answering  to  the  earlier  stages  of  human 
progress.  For  instance,  some  species,  such  as  Formica 
Jusca^  live  principally  on  the  produce  of  the  chase ; 
for  though  they  feed  partly  on  the  honey-dew  of 
aphides,  they  have  not  domesticated  these  insects. 
These  ants  probably  retain  the  habits  once  common  to 
all  ants.  They  resemble  the  lower  races  of  men,  who 
subsist  mainly  by  hunting.  Like  them  they  firequent 
woods  and  wilds,  live  in  comparatively  small  communi- 
ties, and  the  instincts  of  collective  action  are  but  little 
'developed  among  them.  They  hunt  singly,  and  their 
battles  are  single  combats,  like  those  of  the  Homeric 
heroes.  Such  species  as  Lasius  flavua  represent  a 
•distinctly  higher  type  of  social  life ;  they  show  more 
^kill  in  architecture,   may  literally  be   said  to  have 
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domesticated  certain  species  of  aphides,  and  may  be 
compared  to  the  pastoral  stage  of  human  progress — ^to- 
the  races  which  live  on  the  produce  of  their  flocks  and 
herds.  Their  commimities  are  more  numerous ;  they 
act  much  more  in  concert ;  their  battles  are  not  mere 
single  combats,  but  they  know  how  to  act  in  combina- 
tion. I  am  disposed  to  hazard  the  conjecture  that 
they  will  gradually  exterminate  the  mere  hunting 
species,  just  as  savages  disappear  before  more  advanced 
races.  Lastly,  the  agricultural  nations  may  be  com- 
pared with  the  harvesting  ants. 

Thus  there  seem  to  be  three  principal  types,  oflFer- 
ing  a  curious  analogy  to  the  three  great  phases — ^the 
hunting,  pastoral,  and  agricultural  stages — in  the 
history  of  human  development. 
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CHAPTER  V. 

BEHAVIOUR  TO  RELATIONS. 

Mr.  Grote,  in  his  'Fragments  on  Ethical  Subjects,* 
regards  it  as  an  evident  necessity  that  no  society  can 
exist  without  the  sentiment  of  morality.  *  Everyone,* 
he  says, '  who  has  either  spoken  or  written  on  the  sub- 
ject, has  agreed  in  considering  this  sentiment  as  ab- 
solutely indispensable  to  the  very  existence  of  society. 
Without  the  diffusion  of  a  certain  measure  of  this  feel- 
ing throughout  all  the  members  of  the  social  union, 
the  caprices,  the  desires,  and  the  passions  of  each 
separate  individual  would  render  the  maintenance  of 
any  established  commimion  impossible.  Positive 
morality,  under  some  form  or  other,  has  existed  in 
every  society  of  which  the  world  has  ever  had  ex- 
perience.' 

If  this  be  so,  the  question  naturally  arises  whether 
ants  also  are  moral  and  accoimtable  beings.  They  have 
their  desires,  their  passions,  even  their  caprices.  The 
young  are  absolutely  helpless.  Their  communities  are 
sometimes  so  numerous,  that  perhaps  London  and 
Pekin  are  almost  the  only  human  cities  which  can 
compare  with  them.     Moreover,  their  nests  are  no  mere 
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collections  of  independent  individuals,  nor  even  tem- 
porary associations  like  the  flocks  of  migratory  birds ; 
but  organised  communities  labouring  with  the  utmost 
harmony  for  the  common  good.  The  remarkable 
analogies  which,  in  so  many  ways,  they  present  to  our 
human  societies,  render  them  peculiarly  interesting  to 
us,  and  one  cannot  but  long  to  know  more  of  their 
character,  how  the  world  appears  to  them,  and  to  what 
extent  they  are  conscious  and  reasonable  beings. 

For  my  own  part  I  cannot  make  use  of  Mr.  Grote'& 
argument,  because  I  have  elsewhere  attempted  to  show 
that,  even  as  regards  man,  the  case  is  not  by  any  means 
clear.  But  however  this  may  be,  various  observers 
have  recorded  in  the  case  of  ants  instances  of  attach- 
ment and  aflFection. 

Forel  lays  it  down  as  a  general  rule  that  if  ants  are 
slightly  injured,  or  rather  imwell,  their  companions  take 
care  of  them :  on  the  other  hand,  if  they  are  badly 
wounded  or  seriously  ill,  they  are  carried  away  from 
the  nest,  and  left  to  perish. 

Latreille,  also,  makes  the  following  statement: — 
'Le  sens  de  I'odorat,'  he  says,*  *se  manifestant 
d'une  mani^re  aussi  sensible,  je  voulois  profiter 
de  cette  remarque  pour  en  decouvrir  le  si^ge.  On  a 
soupjonne  depuis  longtemps  qu'il  residoit  dans  les 
antennes.  Je  les  arrachai  a  plusieurs  fourmis  feuves 
ouvri^res,  auprfts  du  nid  desquelles  je  me  trouvois.  Je 
vis  aussitot  ces  petits  animaux  que  j'avois  ainsi  mutil^s 

*  Hist,  Nat.  des  Fourmis,  p.  41. 
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tomber  dans  un  ^tat  d'ivresse  ou  une  esptee  de  folie. 
lis  erroient  5a  et  U,  et  ne  reconnoissoient  plus  leur 
cheinin.  lis  m'occupoient ;  mais  je  n'^tais  pas  le  seul. 
Quelques  autres  fourmis  s'approchirent  de  ces  pauvres 
affligees,  port^ent  leur  langue  sur  leurs  blessures,  et  y 
laiss6rent  tomber  une  goutte  de  liqueur.  Get  acte  de 
sensibility  se  renouvela  plusieurs  fois;je  I'observois 
avec  une  loupe.  Animaux  compatissans !  quelle  le^n 
ne  donnez-vous  pas  aux  hommes.' 

*  Jamais,'  says  M.  de  Saint  Fargeau,*  *  une  Fourmi 
n'en  rencontre  une  de  son  esp^ce  bless^e,  sans  Penlever 
et  la  transporter  k  la  fourmili^re.  L'y  soigne-t»elle  ? 
Je  ne  sais,  mais  je  vols  dans  ce  fait  une  bienveiUance 
que  je  ne  retrouve  dans  aucun  autre  insecte,  mSme 
social.' 

I  have  not  felt  disposed  to  repeat  M.  Latreille's 
experiment,  and  M.  de  St.  Fargeau's  statement  is  I 
tbink  by  no  means  correct ;  indeed,  many  of  my  experi- 
ences seem  to  show  not  only  a  diflFerence  of  character 
in  the  diflPerent  species  of  ants,  but  that  even  within 
the  limits  of  the  same  species  there  are  individual 
diflferences  between  ants,  just  as  between  men. 

I  will  commence  with  the  less  favourable  aspect. 

On  one  occasion  (August  13)  a  worker  of  Ldsiiis 
niger^  belonging  to  one  of  my  nests,  had  got  severely 
wounded,  but  not  so  much  so  that  she  could  not  feed ; 
for  though  she  had  lost  five  of  her  tarsi,  finding  herself 
near  some  syrup,  she  crept  to  it  and  began  to  feed.  I 
*  Sift.  Nat,  des  Ins.  Hym^nopUres,  vol.  i.  p.  99. 
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laid  her  gently  on  her  back  close  to  the  entrance  into 
the  nest.  Soon  an  ant  came  up  to  the  poor  suflFerer, 
crossed  antennae  with  her  for  a  moment,  then  went 
quietly  on  to  the  syrup  and  began  to  feed.  Afterwards 
three  other  ants  did  the  same  ;  but  none  took  any  more 
notice  of  her. 

August  15. — ^I  found  at  1  p.m.  a  Myrmica  rugmodia 
which,  probably  in  a  fight  with  another  ant,  had 
lost  the  terminal  portion  of  both  her  antennae.  She 
seemed  to  have  lost  her  wits.  I  put  her  into  her 
nest ;  but  the  others  took  no  notice  of  her ;  and  after 
wandering  about  a  little,  she  retired  into  a  solitary  place, 
where  she  remained  from  3  p.m.  to  8  without  moving. 
The  following  morning  I  looked  for  her  at  5.30,  and 
found  her  still  at  the  same  spot.  She  remained  there 
till  9,  when  she  came  out.  She  Remained  out  all  day ; 
and  the  following  morning  I  found  her  dead. 

Indeed,  I  have  often  been  surprised  that  in  certain 
cases  ants  render  one  another  so  little  assistance.  The 
tenacity  with  which  they  retain  their  hold  on  an 
enemy  they  have  once  seized  is  well  known.  M. 
Mocquerys  even  assures  us  that  the  Indians  of  Brazil 
made  use  of  this  quality  in  the  case  of  wounds ;  causing 
an  ant  to  bite  the  two  lips  of  the  cut  and  thus  bring 
them  together,  after  which  they  snip  oflF  the  ant's  head, 
which  thus  holds  the  lips  together.  He  asserts  that  he 
has  often  seen  natives  with  wounds  in  course  of  healing 
with  the  assistance  of  seven  or  eight  anta'  heads  !^ 
Ann.  Soc.  Ent,  Fra/ncCt  2  s6r.  torn.  iL  p.  67. 
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Now  I  have  often  observed  that  some  of  my  ants  had 
the  heads  of  others  hanging  on  to  their  legs  for  a  con- 
siderable time;  and  as  this  most  certainly  be  very 
inconvenient,  it  seems  remarkable  that  their  friends 
should  not  relieve  them  of  such  an  awkward  encum- 
brance. 

The  behaviour  of  ants  to  one  another  diflFers  also 
much  according  to  circumstances;  whether,  for  instance, 
they  are  alone,  or  supported  by  friends.  An  ant  which 
would  run  away  in  the  first  case  will  defend  herself 
bravely  in  the  second. 

If  an  ant  is  fighting  with  one  of  another  species, 
her  friends  rarely  come  to  her  assistance.  They  seem 
generally  (unless  a  regular  battle  is  taking  place)  to 
take  no  interest  in  the  matter,  and  do  not  even  stop  to 
look  on.  Some  species,  indeed,  in  such  cases  never 
appear  to  help  one  another ;  and  even  when  the  reverse 
is  the  case,  as  for  instance  in  the  genus  Lasius,  the 
truth  seems  to  be  that  several  of  them  attack  the  same 
enemy — their  object  being  to  destroy  the  foe,  rather 
than  to  save  their  friend. 

On  one  occasion  several  specimens  of  Foi'mica  fusca 
belonging  to  one  of  my  nests  were  feeding  on  some 
honey  spread  on  a  slip  of  glass  (May  22).  One  of 
them  had  got  thoroughly  entangled  in  it.  I  took  her 
and  put  her  down  just  in  front  of  another  specimen 
belonging  to  the  same  nest,  and  close  by  I  placed  a  drop 
of  honey.  The  ant  devoted  herself  to  the  honey  and 
entirely  neglected  her  friend,  whom  she  left  to  perish. 
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Again,  some  specimens  of  Cremastogdster  Scutellaria 
were  feeding  quietly  (May  22)  on  some  honey  spread  on 
a  slip  of  glass,  and  one  of  them  had  got  thoroughly 
mixed  in  it.  I  took  her  out  and  put  her  on  the  glass 
close  by.  She  could  not  disentangle  herself;  not  one  of 
her  firiends  took  the  least  notice  of  her,  and  eventually 
she  died.  I  then  chloroformed  one,  and  put  her  on  the 
board  among  her  Mends.  Several  touched  her,  but 
from  12  to  2.30  P.M.  none  took  any  particular  notice 
of  her. 

On  the  other  hand,  I  have  only  on  one  occasion  seen 
a  living  ant  expelled  from  her  nest.  This  happened  in  a 
conununity  of  F.  fuaca.  I  observed  (April  23,  1880) 
an  ant  carrying  another  belonging  to  the  same  commu- 
nity away  from  the  nest.  The  condemned  ant  made  a 
very  feeble  resistance.  The  first  ant  carried  her  burthen 
hither  and  thither  for  some  time,  evidently  trying  to 
get  away  from  the  nest,  which  was  enclosed  in  the  usual 
manner  by  a  fur  barrier.  After  watching  for  some  time 
I  provided  the  ant  with  a  paper  bridge,  up  which  she 
immediately  went,  dropped  her  victim  on  the  far  side, 
and  returned  home.  Gould  this  have  been  a  case  in 
which  an  aged  or  invalid  ant  was  being  expelled  from 
the  nest  ? 

I  have  often  had  ants  in  my  nests  to  which  mites 
had  attached  themselves. 

Thus,  on  October  14,  1876,  I  observed  that  one 
of  my  ants  (Formica  fusca)  had  a  mite  attached 
to  the  underside  of  her  head,  which  it  almost  equalled 
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in  size.  The  poor  ant  could  not  remove  it  herself,  and, 
being  a  queen,  never  left  the  nest,  so  that  I  had  no 
opportunity  of  doing  so.  For  more  than  three  months 
none  of  her  companions  performed  this  kind  office  for 
her. 

With  reference  to  this  part  of  the  subject,  also,  I 
iiave  made  some  experiments. 

January  3,  1876. — ^I  immersed  an  ant  (icwitw 
niger)  in  water  for  half  an  hour ;  and  when  she  was 
then  to  all  appearance  drowned,  I  put  her  on  a  strip  of 
paper  leading  from  one  of  my  nests  to  some  food.  The 
strip  was  half  an  inch  wide ;  and  one  of  my  marked 
ants  belonging  to  the  same  nest  was  passing  continually 
to  and  fro  over  it  to  some  food.  The  immersed  ant  lay 
there  an  hour  before  she  recovered  herself;  and  during 
this  time  the  marked  ant  passed  by  eighteen  times 
without  taking  the  slightest  notice  of  her. 

I  then  immersed  another  ant  in  the  water  for  an 
tour,  after  which  I  placed  her  on  the  strip  of  paper  as  in 
the  preceding  case.  She  was  three-quarters  of  an  hour 
before  she  recovered:  during  this  time  two  marked 
^mts  were  passing  to  and  fro ;  one  of  them  went  by 
eighteen  times,  and  the  other  twenty  times ;  and  two 
other  ants  also  went  over  the  paper ;  but  none  of  them 
took  the  slightest  notice  of  their  drowned  friend. 

I  then  immersed  another  ant  for  an  hour,  and 
put  her  on  the  strip  of  paper.  She  took  an  hour  to 
recover.  The  same  two  marked  ants  as  in  the  previous 
observation  were  at  work.     One  passed  thirty  times,  the 
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other  twenty-eight  times,  besides  which  five  others 
passed  by ;  but  not  one  took  the  slightest  notice. 

I  immersed  three  ants  for  eight  hours,  and  then 
put  them  on  the  strip  of  paper.  They  began  to  recover 
in  three-quarters  of  an  hour,  but  were  not  quite  them- 
selves till  half  an  hour  afterwards.  During  the  first 
three-quarters  of  an  hotir  two  marked  ants  passed,  each 
four  times  ;  and  two  others  also  went  by.  During  the 
following  half-hour  the  two  marked  ants  passed  sixteen 
times,  and  three  others ;  but  none  of  them  took  any 
notice. 

I  immersed  another  ant  for  forty  minutes,  and  put 
her  on  the  strip  of  paper.  She  recovered  in  twenty 
minutes,  during  which  time  the  marked  ones,  which 
were  the  same  as  in  the  preceding  case,  went  by  four- 
teen times  without  taking  any  notice. 

I  immersed  two  ants  for  ten  hours,  and  then  placed 
them  on  the  strip  of  paper.  The  same  two  marked  ants 
passed  respectively  eighteen  and  twenty-six  times,  and 
one  other  passed  by  also  without  taking  any  notice. 
After  this  I  left  oflF  watching. 

I  immersed  two  ants  for  four  hours,  and  then  put 
them  on  the  strip  of  paper.  They  began  to  recover 
in  an  hour,  during  which  two  marked  ants,  not  the 
same  as  in  the  preceding  case,  passed  respectively 
twenty-eight  and  ten  times,  and  two  others  went  by ; 
but  none  of  them  took  any  notice 

I  immersed  an  ant  for  an  hour,  and  then  put  heron 
the  same  strip  of  paper  as  in  the  previous  cases.  A  marked 
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ant  passed  her  twelve  times  ;  three  others  also  went  by 
but  took  no  notice  of  her ;  but,  on  the  other  hand,  a 
fourth  picked  her  up  and  carried  her  oflF  into  the  nest. 

Again,  I  immersed  an  ant  for  an  hour,  and  put  her 
on  the  strip  of  paper.  The  marked  ant  passed  twice, 
^fter  which  she  did  not  return.  Soon  after,  another  ant 
■came  by  and,  picking  up  the  immersed  one,  carried 
her  oflF  to  the  nest. 

I  do  not  bring  forward  these  cases  as  proof  or  even  as 
evidence  that  ants  are  less  tender  to  friends  in  distress 
than  previous  observers  have  stated  to  be  the  case ;  but 
they  certainly  show  that  tenderness  is  not  invariably 
the  rule ;  and,  especially  when  taken  in  connexion  with 
the  following  cases,  they  are  interesting  illustrations 
of  the  individual  diflFerences  existing  between  ants — that 
there  are  Priests  and  Levites,  and  good  Samaritans 
among  them,  as  among  men. 

As  evidence  both  of  their  intelligence  and  of  their 
aflFection  for  their  friends,  it  has  been  said  by  various 
observers  that  when  ants  have  been  accidentally  buried 
they  have  been  very  soon  dug  out  and  rescued  by  their 
<;ompanions.  Without  for  one  moment  doubting  the 
facts  as  stated,  we  must  remember  the  habit  which  ants 
Tiave  of  burrowing  in  loose  fresh  soil,  and  especially  their 
practice  of  digging  out  fresh  galleries  when  their  nests 
are  disturbed. 

It  seemed  to  me,  however,  that  it  would  not  be 
diflBcult  to  test  whether  the  excavations  made  by  ants 
under  the  circumstances  were  the  result  of  this  general 
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habit,   or  really  due   to    a   desire  to  extricate  their 
Mends. 

With  this  view  I  tried  the  following  experiments : — 

(1)  On  August  20  I  placed  some  honey  near  a  nest 
of  Lasius  niger  on  a  glass  surrounded  with  water,  and 
so  arranged  that  in  reaching  it  the  ants  passed  over 
another  glass  covered  with  a  layer  of  sifted  earth,  about 
one-third  of  an  inch  in  thickness.  I  then  put  some 
ants  to  the  honey,  and  by  degrees  a  considerable  num- 
ber collected  round  it.  Then  at  1.30  P.M.  I  buried  an 
ant  from  the  same  nest  under  the  earth,  and  left  her 
there  till  5  P.M.,  when  I  uncovered  her.  She  was  none 
the  worse,  but  during  the  whole  time  not  one  of  her 
friends  had  taken  the  least  notice  of  her. 

(2)  I  arranged  (September  1)  some  honey  again  in 
the  same  way.  At  5  p.m.  about  fifty  ants  were  at  the 
honey,  and  a  considerable  number  passing  to  and  fro. 
I  then  buried  an  ant  as  before,  taking  of  course  one 
from  the  same  nest.  At  7  p.m.  the  number  of  ants  at 
the  honey  had  nearly  doubled.  At  10  p.m.  they  were 
still  more  numerous,  and  had  carried  oflF  about  two- 
thirds  of  the  honey.  At  7  a.m.  the  next  morning  the 
honey  was  all  gone,  two  or  three  were  still  wandering 
about,  but  no  notice  had  been  taken  of  the  prisoner^ 
whom  I  then  let  out.  In  this  case  I  allowed  the  honey 
to  be  finished,  because  I  thought  it  might  perhaps  be 
alleged  that  the  excitement  produced  by  such  a  treasure 
distracted  their  attention,  or  even  (on  the  principle  of 
doing  the  greatest  good  to  the  greatest  number)  that 
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they  were  intelligently  wise  in  securing  a  treasure  of 
food  before  they  rescued  their  comrade,  who,  though 
in  confinement,  was  neither  in  pain  nor  danger.  So  fer 
as  the  above  ants,  however,  are  concerned,  this  cannot, 
I  think,  be  urged. 

(3)  On  the  8th  September  I  repeated  the  experi- 
ment, burying  some  ants  at  4  p.m.  Up  to  6.3  no  attempt 
had  been  made  to  release  them.  I  let  them  out  and 
buried  some  more.  The  next  morning,  at  7  A.M.,  the 
honey  was  all  gone,  some  ants  were  still  wandering  about, 
but  no  notice  had  been  taken  of  the  captives,  whom  I 
then  liberated. 

(4)  I  then  (August  21)  made  exactly  the  same 
experiment  with  Myrmica  rugmodisy  as  representing 
the  other  great  family  of  ants. 

In  order  to  test  the  affection  of  ants  belonging  to 
the  same  nest  for  one  another  I  tried  the  following 
experiments.  I  took  six  ants  from  a  nest  of  F. 
fuacay  imprisoned  them  in  a  small  bottle,  one  end  of 
which  was  covered  with  a  layer  of  muslin.  I  then  put 
the  musUn  close  to  the  door  of  the  nest.  The  muslin 
was  of  open  texture,  the  meshes,  however,  being 
sufficiently  small  to  prevent  the  ants  from  escaping. 
They  could  not  only,  however,  see  one  another,  but 
communicate  freely  with  their  antennae.  We  now 
watched  to  see  whether  the  prisoners  would  be  tended 
or  fed  by  their  friends.  We  could  not,  however, 
observe  that  the  least  notice  was  taken  of  them.  The 
experiment,   nevertheless,  was  less    conclusive    than 
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could  be  wished,  because  they  might  have  been  fed  at 
night,  or  at  some  time  when  we  were  not  looking.  It 
struck  me,  therefore,  that  it  would  be  interesting  to 
treat  some  strangers  also  in  the  same  manner. 

On  September  2,  therefore,  I  put  two  ants  from  one 
of  my  nests  of  F.  fuaca  into  a  bottle,  the  end  of  which 
was  tied  up  with  muslin  as  described,  and  laid  it  down 
close  to  the  nest.  In  a  second  bottle  I  put  two  ants 
from  another  nest  of  the  same  species.  The  ants 
which  were  at  liberty  took  no  notice  of  the  bottle  con- 
taining their  imprisoned  friends.  The  strangOTs  in  the 
other  bottle,  on  the  contrary,  excited  them  considerably . 
The  whole  day  one,  two,  or  more  ants  stood  sentry,  as 
it  were,  over  the  bottle.  In  the  evening  no  less  than 
twelve  were  collected  round  it,  a  larger  number  than 
usually  came  out  of  the  nest  at  any  one  time.  The 
whole  of  the  next  two  days,  in  the  same  way,  there 
were  more  or  less  ants  round  the  bottle  containing  the 
strangers;  while,  as  fer  as  we  could  see,  no  notice 
whatever  was  taken  of  the  friends.  On  the  9th  the 
ants  had  eaten  through  the  muslin,  and  eflfected  an 
entrance.  We  did  not  chance  to  be  on  the  spot  at  the 
moment ;  but  as  I  found  two  ants  lying  dead,  one  in 
the  bottle  and  one  just  outside,  I  think  there  can  be 
no  doubt  that  the  strangers  were  put  to  death.  The 
friends  throughout  were  quite  neglected. 

September  21. — I  then  repeated  the  experiment, 
putting  three  ants  from  another  nest  in  a  bottle  as 
before.    The  same  scene  was  repeated.    The  friends 
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-were  neglected.  On  the  other  hand,  some  of  the  ants 
were  always  watching  over  the  bottle  containing  the 
strangers,  and  biting  at  the  muslin  which  protected 
them.  The  next  morning  at  6  a.m.  I  found  five  ants 
thus  occupied.  One  had  caught  hold  of  the  leg  of  one 
of  the  strangers,  which  had  unwarily  been  allowed  to 
protrude  through  the  meshes  of  the  muslin.  They 
worked  and  watched;  though  not,  as  far  as  I  could  see, 
with  any  system,  till  7.30  in  the  evening,  when  they 
eflfected  an  entrance,  and  immediately  attacked  the 
strangers. 

September  24. — I  repeated  the  same  experiment 
with  the  same  nest.  Again  the  ants  came  and  sat  over 
the  bottle  containing  the  strangers,  while  no  notice  was 
taken  of  the  friends. 

The  next  morning  again,  when  I  got  up,  I  found 
five  ants  round  the  bottle  containing  the  strangers, 
none  near  the  friends.  As  in  the  former  case,  one  of 
the  ants  had  seized  a  stranger  by  the  leg,  and  was  trying 
to  drag  her  through  the  muslin.  All  day  the  ants 
clustered  round  the  bottle,  and  bit  perseveringly, 
^  though  not  systematically,  at  the  muslin.  The  same 
thing  happened  all  the  following  day. 

These  observations  seemed  to  me  suflBciently  to  test 
the  behaviour  of  the  ants  belonging  to  this  nest  under 
these  circumstances.  I  thought  it  desirable,  however, 
to  try  also  other  communities.  I  selected,  therefore, 
two  other  nests.  One  was  a  community  of  Polyergus 
rufescens  with  numerous  slaves.     Close  to  where  the 
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ants  of  this  nest  came  to  feed,  I  placed  as  before  twa 
small  bottles,  closed  in  the  same  way — one  containing 
two  slave  ants  from  the  nest,  the  other  two  strangers- 
These  ants,  however,  behaved  quite  unlike  the  pre- 
ceding, for  they  took  no  notice  of  either  bottle,  and 
showed  no  sign  either  of  affection  or  hatred.  One  is 
almost  tempted  to  surmise  that  the  warlike  spirit  of 
these  ants  was  broken  by  slavery. 

The  other  nest  which  I  tried,  also  a  community  of 
FoTmiica  fusca^  behaved  exactly  like  the  first.  They 
took  no  notice  of  the  bottle  containing  the  friends,  but 
clustered  round  and  eventually  forced  their  way  into 
that  containing  the  strangers. 

It  seems,  therefore,  that  in  these  curious  insects 
hatred  is  a  stronger  passion  than  aflfection. 

Some  of  those  who  have  done  me  the  honour 
of  noticing  my  papers  have  assumed  that  I  disputed' 
altogether  the  kindly  feelings  which  have  been  attri- 
buted to  ants.  I  should,  however,  be  very  sorry  to 
treat  my  fevourities  so  unfairly.  So  far  as  I  can  observe, 
ants  of  the  same  nest  never  quarrel.  I  have  never 
seen  the  slightest  evidence  of  ill-temper  in  any  of  my 
nests :  all  is  harmony.  Nor  are  instances  of  active 
assistance  at  all  rare.  Indeed,  I  have  myself  witnessed 
various  cases  showing  care  and  tenderness  on  their  part.. 

In  one  of  my  nests  of  Formica  fuaca  was  an  ant 
which  had  come  into  the  world  without  antennae- 
Never  having  previously  met  with  such  a  case,  I 
watched  her  with  great  interest;  but  she  never  ap- 
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peared  to  leave  the  nest.  At  length  one  day  I  found 
her  wandering  aboat  in  an  aimless  sort  of  manner,  and 
apparently  not  knowing  her  way  at  all.  After  a  while 
she  fell  in  with  some  specimens  of  Lasiua  flaws,  who 
directly  attacked  her.  I  at  once  set  myself  to  separate 
them;  but  whether  owing  to  the  wounds  she  had 
received  from  her  enemies,  or  to  my  rough,  though  weU- 
meant  handUng,  or  to  both,  she  was  evidently  much 
wounded,  and  lay  helplessly  on  the  ground.  After  some 
time  another  Formica  fuaca  from  her  nest  came  by. 
She  examined  the  poor  sufferer  carefully,  then  picked 
her  up  carefully  and  carried  her  away  into  the  nest. 
It  would  have  been  difficult  for  any  one  who  witnessed 
this  scene  to  have  denied  to  this  ant  the  possession  of 
humane  feelings. 

Again,  in  one  of  my  nests  of  Formica  fuaca  on 
January  23  last  (1881),  I  perceived  a  poor  ant  lying  on 
her  back  and  quite  unable  to  move.  The  legs  were  in 
cramped  attitudes,  and  the  two  antennae  rolled  up  in 
spirals.  She  was,  of  course,  altogether  unable  to  feed 
herself.  After  this  I  kept  my  eye  on  her.  Several 
times  I  tried  uncovering  the  part  of  the  nest  where  she 
was.  The  other  ants  soon  carried  her  into  the  shaded 
part.  On  March  4  the  ants  were  all  out  of  the  nest, 
probably  for  fresh  air,  and  had  collected  together  in  a 
comer  of  the  box;  they  had  not,  however,  forgotten 
her,  but  had  carried  her  with  them.  I  took  off  the 
glass  lid  of  the  box,  and  after  a  while  they  returned  as 
usual  to  the  nest,  taking  her  in  again.     On  March  5 
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she  was  still  alive,  but  on  the  15th,  notwithstanding  all 
their  care,  she  was  dead ! 

At  the  present  time  I  have  two  other  ants  perfectly 
crippled  in  a  similar  manner,  and  quite  unable  to  move, 
which  have  lived  in  two  different  nests,  belonging  also 
to  F.  fuaca^  the  one  for  five  the  other  for  four  months. 

In  May  1879  I  gave  a  lecture  on  Ants  at  the  Eoyal 
Institution,  and  was  anxious  to  exhibit  a  nest  of 
Ldsiua  flaws  with  the  queen.  While  preparing  the 
nest,  on  May  9,  we  accidentally  crushed  the  queen. 
The  ants,  however,  did  not  desert  her,  or  drag  her 
out  as  they  do  dead  workers,  but,  on  the  contrary, 
carried  her  with  them  into  the  new  nest,  and  subse- 
quently into  a  larger  one  with  which  I  supplied  them, 
congregating  rour.d  her,  just  as  if  she  had  been  alive, 
for  more  than  six  weeks,  when  we  lost  sight  of  her. 

In  order  to  ascertain  whether  ants  knew  their 
fellows  by  any  sign  or  pass  word,  as  has  been  suggested 
in  the  case  of  bees,  I  was  anxious  to  see  if  they  could  re- 
cognise them  when  in  a  state  of  insensibility.  I  tried 
therefore  the  following  experiments  with  some  specimens 
of  Laaivs  flxivus. 

September  10,  at  6  p.m.,  a  number  of  these  ants  were 
out  feeding  on  some  honey,  placed  on  one  of  my  tables, 
and  surrounded  by  a  moat  of  water.  I  chloroformed 
four  of  them  and  also  four  from  a  nest  in  my  park,  at  some 
distance  from  the  place  where  the  first  had  been  origi- 
nally procured,  painted  them,  and  put  them  close  to  the 
honey.    Up  to  8.20  the  ants  had  taken  no  notice  of 
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their  insensible  fellow  creatures.  At  9.20  I  found  that 
four  friends  were  still  Ijdng  as  before,  while  the  four 
strangers  had  been  removed.  Two  of  them  I  found 
had  been  thrown  over  the  edge  of  the  board  on  which 
the  honey  was  placed.     The  other  two  I  could  not  see. 

Again,  on  September  14,  at  8.40,  I  put  in  the 
same  way  four  friends  marked  white,  and  four 
strangers  marked  red,  close  to  where  my  L.  flavus  were 
out  feeding  on  honey  placed  on  a  slip  of  glass  over 
water.  For  some  hours  they  took  no  notice  of  them. 
At  length  one  took  a  friend,  and  after  carrying  her 
about  some  time  dropped  her,  at  12.40,  into  the  water. 
Some  time  after  another  took  up  a  stranger  and  carried 
her  into  the  nest  at  2.35.  A  second  stranger  was 
similarly  carried  into  the  nest  at  2,55^  a  third  at  3.45, 
while  the  fourth  was  thrown  over  the  edge  of  the  board 
at  4.20.  Shortly  after  this  two  of  the  strangers  were 
brought  out  of  the  nest  again  and  thrown  into  the 
water.  A  second  friend  was  thrown  away,  like  the 
first,  at  4.58,  the  third  at  5.17,  and  the  fourth  at  5.46. 
I  could  not  ascertain  what  happened  to  the  last  stranger, 
but  have  little  doubt  that  she  was  brought  out  of  the 
nest  and  thrown  away  like  the  rest. 

On  the  following  day  at  6.45  I  tried  the  same  ex- 
periment again,  only  reversing  the  colors  by  which  they 
were  distinguished.  At  7  one  of  the  strangers  was  carried 
off  and  dropped  over  the  edge  of  the  glass  iixto  the  water, 
and  at  8  a  second.  At  8.45  a  friend  was  taken  up  and, 
after  being  carried  about  some  time,  was  thrown  into 
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the  moat.  At  9.45  a  Mend  was  picked  up  and 
carried  into  the  nest,  but  brought  out  again  and 
thrown  away  about  3  in  the  afternoon.  The  other 
four  remained  where  they  were  placed  until  8  P.M.,  and 
though  the  other  ants  often  came  up  and  examined 
them,  they  did  not  carry  them  off. 

September  29. — Again  placed  nine  chloroformed 
ants,  five  fiiends  and  four  strangers,  close  to  where  a 
number  were  feeding.  There  was  a  continual  stream 
of  ants  to  the  honey,  ten  or  fifteen  being  generally 
there  at  once. 

A  strangerwas  picked  upat  10.20  {^^^""PP^^^"^;}  10.32 

10.22  „  10.35 

Afiiend         „        „  11.22  „  11.42 

A  stranger     „        „  11.35  „  11.50 

„         „  11.41  „  11.45 

Shortly  after  the  others  were  picked  up  and  carried 
away  to  the  edge  of  the  board,  where  they  were  dropped, 
but  none  were  taken  into  the  nest. 

October  2. — ^Again  at  10  a.m.  placed  ten  chloro- 
formed ants,  five  Mends  and  five  strangers,  close  to 
where  some  were  feeding.  They  were  picked  up  and 
carried  off  as  before  in  the  following  order : — 
At  11.  5  a  stranger  was  picked  up  and  dropped  at  11.15 
11.12  a  Mend  „  „  11.50 

11.25  a  stranger  „  „  1 1 .36 

12.  7         „  „  „  12.45 

12.10  a  Mend  „  „  12.16 
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At  1.10  a  stranger  was  picked  up  and  dropped  at  2.  6 

1.42  a  friend  ,,  „  1.46 

1.52         „  j^  ^y  1.56 

2.6  „  „  „  3.10 

Only  one  of  them,  and  that  one  a  stranger,  was 

<;arried  into  the  nest  at  12.45,  but  brought  out  again 

at  1.10. 

October  6. — ^At  9  am.  again  tried  the  same  eiqperi- 
ment  with  four  strangers  and  five  friends. 

At  9.25  a  friend  was  picked  up  and  dropped  at  9.31 

9.35  a  stranger         „  „  9.45 

9.45  a  friend  „  „  9.52 

10.  8  a  stranger        „  „  10.17 

10.17  a  friend  „  „  10.20 

10.22  a  stranger        „  „  10.25 

10.28         „  „  „  10.40 

10.25  a  friend  „  „  10.31 

None  of  them  were  carried  into  the  nest. 

These  experiments  seem  to  prove  that  under  such 

circumstances  ants,  at  least  those  belonging  to  this 

species,   do  not   carry  oflf  their  friends   (when  thus 

rendered  insensible)  into  a  place  of  safety. 

I  think,  however,  that  in  this  experiment  the 
ants  being  to  aU  intents  and  purposes  dead,  we  could 
not  expect  that  any  difference  would  be  made  between 
friends  and  strangers.  I  therefore  repeated  the  same 
experiment,  only,  instead  of  chloroforming  the  ants, 
I  intoxicated  them.     This  experiment  is  more  difficult, 
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as  it  is  not  in  all  cases  easy  to  hit  oflf  the  requisite 
degree  of  intoxication.  The  numbers  therefore  of 
friends  and  strangers  are  not  quite  the  same,  because 
in  some  cases  the  ants  recovered  too  quickly  and  had 
to  be  removed.  In  such  cases  I  have  latterly  replaced 
the  ant  so  removed  by  another,  so  as  to  keep  the 
number  of  friends  and  strangers  about  equal.  The 
sober  ants  seemed  somewhat  puzzled  at  finding  their 
intoxicated  fellow  creatures  in  such  a  disgraceful  con- 
tion,  took  them  up,  and  carried  them  about  for  a  time 
in  a  somewhat  aimless  manner. 

November  20. — I  experimented  with   six    friends 
and  six  strangers,  beginning  at  11. 

At  11.30  a  friend  was  carried  to  the  nest. 

11.50  a  stranger  was  dropped  iniS)  the  water. 

12.30  „ 

12.31  a  friend 
1.10  a  stranger 
1.18 
1.27 
1.30  a  friend  (partly  recovered)  was  taken  to 

the  nest. 
2.30  a  friend  was  taken  up  and  carried  about 
till  2.66  \  she  was  then  taken  to  the  nest,  but  at  the 
door  the  bearer  met  two  other  ants,  which  seized  the 
intoxicated  one,  carried  her  oflf,  and  eventually 
dropped  her  into  the  water. 

At  3.35  a  friend  was  carried  to  the  nest. 

Out  of  these  twelve,  five  strangers  and  two  friends 
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were  droppect  into  the  water ;  none  of  the  strangers, 
but  three  friends .  were  taken  to  the  nest.  None  of 
the  friends  were  brought  out  of  the  nest  again. 

November  22. — ^Experimented  in  the  same  way  on 
four  friends  and  four  strangers,  beginning  at  12  o'clock. 
At  12.16  a  stranger  was  taken  and  dropped  into 
the  water. 
12.21  „  „  „ 

12.23  „  „  „ 

12.40  „  „  „ 

I  then  put  four  more  strangers  treated  as  before. 
At  3.10  a  stranger  was  taken  and  dropped  into  the 
water. 
3.30  „  „  „ 

3.35  „  „  „ 

3.44  a  friend  (partly  recovered)  was  taken  back 

to  the  nest. 
4.10  a  stranger  was  taken  and  dropped  into  the 

water. 
4.13  a  friencf  (partly  recovered)  was  taken  back 
to  the  nest. 
In  this  case  eight  strangers  were  dropped  into  the 
water,  and  none  were  taken  to  the  nest ;  two  friends,  on 
the  contrary,  were  taken  to  the  nest,  and  none  were 
dropped  into  the  water. 

December  I. — ^Experimented  with  five  friends  and 
five  strangers,  beginning  at  2.15. 

At  2.30  a  stranger  was  dropped  into  the  water. 

3»     ^  »j  99  99 
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At  3.20  a  friend  was  taken  into  the  nest. 

3.35  a  stranger  was  taken  into  the  nest,  but  after- 
wards brought  out  again  and  thrown  into 
the  water. 
^•^2         „  „  „  „ 

4.  5  I  put  out  four  more  friends  and  as  many 

strangers. 
4.45  a  stranger  was  dropped  into  the  water. 
5.10  ,,  taken    into    the  nest,  but 

afterwards  brought  out  and 
thrown  into  the  water. 
5.24  yy  taken    into   the  nest,  but 

aft^erwards  brought  out  and 
thrown  into  the  water. 
5.55  a  friend  was  thrown  into  the  water. 
6.  4.  a  stranger        ,,  ,, 

"•      4  jy  yy  ,, 

6.  8  a  friend  was  taken  into  the  nest. 
6.20 

D.20  ,,  ,,  yy 

6.30  a  stranger  was  dropped  into  the  water. 
6.50  a  friend        ,,  ,,  ,, 

8.  5  a  friend  was  taken  into  the  nest. 
In  this  case  two  friends  were  thrown  into  the  water 

and  seven  taken  into  the  nest ;  while  six  strangers  were 

thrown  into  the  water  and  four  were  taken  into  the  nest ; 

all  of  these,  however,  were  afterwards  brought  out  again 

and  thrown  away. 

Decefmher  8. — ^Experimented  with  six  friends  and  six 

strangers,  beginning  at  11.30 
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At  11.30 

a  friend  was  carried  to  nest. 

11.47 

»                         w 

11.50 

99                                     5> 

11.52 

9>                                      >> 

11,56 

a  friend  was  dropped  into  water. 

11.58 

a  stranger         „                    „ 

11.58 

5>                       »                                      » 

12 

a  stranger  was  carried  to  nest. 

12.  2 

5J                       >J                               5J 

12.  3 

>J                     9>                            w 

I  then  put  four  more  of  each,  and  as  a  friend  or  a 

^stranger  was 

carried  oflf,  replaced  her  by  another. 

At  12.45  a  friend  to  the  water. 

12.58  a  stranger  to  the  water. 

1       a  friend  to  the  nest. 

1 

1 

1.58              „             „ 

1.59              „             „ 

2.30  a  stranger  to  the  water. 

2.30         „             „ 

2.35  a  stranger  to  the  nest. 

2.42  a  stranger  to  the  water. 

2.48         „                 „ 

2.51 

2.52         „                  „ 

2.55  a  friend  to  the  nest. 

2*55  a  stranger  to  the  water. 

2.55         „ 

I  2 
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At  3.  2  a  friend  to  the  water. 
3.  6  a  stranger  to  the  water. 
3.12  a  friend  to  the  water. 

3.15  „  „ 

3.16  a  friend  to  the  nest. 
3.22  a  stranger  to  the  water 
3.25         „  „ 

3.25  a  friend  to  the  nest. 
3.35  a  stranger  to  the  water. 
3.50  a  friend  to  the  nest. 
3.50 

All  these  ants  appeared  quite  insensible.  Altogether 
sixteen  friends  were  taken  to  the  nest  and  five  thrown  into 
the  water,  while  of  the  strangers  only  three  were  taken 
to  the  nest,  and  fifteen  were  thrown  into  the  water^ 
Moreover,  as  in  the  preceding  observation,  even  the 
three  strangers  which  were  at  firgt  taken  to  the  nest 
were  soon  brought  out  again  and  thrown  away ;  while 
this  was  not  the  case  with  any  of  the  friends  as  far  as 
we  could  ascertain,  though  we  searched  diligently  for 
them  also.  In  this  case  also  all  the  intoxicated  ants 
were  motionless  and  apparently  insensible. 

January   15. — ^Eepeated    the    same   experiment,, 
beginning  at  12.20.     Up  to  7  p.m.  not  one  of  the  intoxi 
cated  ants  had  been  moved.     At  8.20  we   found  a 
stranger  in  the  water,   at   9.30  another,  and  at  the 
following  morning  a  third.  The  others  were  imtouched. 

January  17. — Eepeated  the  same  experiment^ 
beginning  at  1 1 .30. 
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At  12  a  friend  was  carried  to  the  nest. 

12.20  a  stranger  was  dropped  into  the  water. 

12.34  a  friend  was  carried  to  the  nest. 

12.40  a  stranger  was  dropped  into  the  water. 

12.45  a  friend  was  carried  to  the  nest. 
1       a  stranger         „  „ 

1  „  „  water 

(Stopped  observing  till  2.) 

2.30  a  stranger  was  dropped  into  the  water. 

2.30  a  stranger  was  carried  to  the  nest. 

4.10  9,  ,,  jy 

4.30  a  friend  „  „ 

6.20  a  stranger  „  water. 

6.35  „  „  „ 

Thus,  then,  the  general  results  were  that  the  ants 
removed  forty-one  friends  and  fifty-two  strangers.  Of 
the  friends,  thirty-two  were  carried  into  the  nest  and 
nine  were  thrown  into  the  water.  Of  the  strangers,  on 
the  contrary,  forty-three  were  thrown  into  the  water ; 
only  nine  were  taken  into  the  nest,  and  seven  of  these 
were  shortly  afterwards  brought  out  again  and  thrown 
away.  Indeed,!  fully  believe  that  the  other  two  were 
treated  in  the  same  manner,  though  we  could  not  satisfy 
ourselves  of  the  fact.  But  it  was  only  by  very  close 
observation  that  the  seven  were  detected,  and  the  other 
two  may  well  have  escaped  notice. 

It  seems  clear,  therefore,  that  even  in  a  condition 
•of  insensibility  these  ants  were  recognised  by  their 
friends. 
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Tabular  View, — Experiments  on  Ants  under 
Chloroform  and  Intoxicated. 


CHLOBOPOBMBD    AilTS. 

"Ebjeshs 

Stranoers 

To 

Unre- 

To 

TJnre- 

Sept.  10 

To  Nest 

Water 

moved 

TpNest 

Water 

moved 

... 

4 

... 

4 

14 

••• 

4 

2 

and  brought 
out  again 

2 

... 

15 

1 

and  brought 

out  again 

1 

... 

••« 

2 

2 

29 

... 

5 

... 

... 

4 

... 

Oct.     2 

... 

5 

... 

1 

and  brought 

out  again 

4 

... 

6 

... 

5 

... 

... 

4 

... 

1 

20 

4 

3 

20 

2 

Intoxicated  Ants. 

Nov.  20              3                2 

5 

1 

22                2                 ...        2 

... 

8 

... 

In  these  oases  some  of  the  Ants  had  partly  recoverc 

d;  in 

the 

following  they  were  quite  insensible. 

Dec.    1 

7 

none  brought 

out  again 

2 

3 

all  these 

brought  out 

again 

6 

... 

8 

16 

none  broi;ight 

out  again 

5 

3 

all  these 

brought  out 

again 

15 

Jan.   15 

... 

4 

... 

3 

1 

17 

4 

none  brought 

out  again 

... 

3 

one  brought 
out  again 

6 

27 

7 

4 

2 

30 

1 
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CHAPTER  VI. 

BECOGNITION  OF  FRIENDS. 

It  has  been  already  shown  that  with  ants,  as  with 
bees,  while  the  utmost  harmony  reigns  between  those 
belonging  to  the  same  community,  all  others  are 
enemies.  I  have  already  given  ample  proofthat  a  strange 
ant  is  never  tolerated  in  a  community.  This  of  course 
implies  that  all  the  bees  or  ants  of  a  community  have 
the  power  of  recognising  one  another,  a  most  surprising 
fact,  when  we  consider  the  shortness  of  their  life  and 
their  immense  numbers.  It  is  calculated  that  in  a 
single  hive  there  may  be  as  many  as  50,000  bees,  and 
in  the  case  of  ants  the  numbers  are  still  greater.  In 
the  large  communities  of  Formica  pratensia  it  is 
probable  that  there  may  be  as  many  as  from  400,000 
to  500,000  ants,  and  in  other  cases  even  these  large 
numbers  are  exceeded. 

If,  however,  a  stranger  is  put  among  the  ants  of 
another  nest,  she  is  at  once  attacked.  On  this  point 
I  have  satisfied  myself,  as  will  be  seen  in  the  following 
pages,  that  the  statements  of  Huber  and  others  are 
perfectly  correct.  I^  for  instance,  I  introduced  a 
stranger  into  one  of  my  nests,  say  of  Formica  fusca  or 
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Laaiua  niger,  she  was  at  once  attacked.  One  ant  would 
seize  her  by  an  antenna,  another  by  a  leg,  and  she  was 
either  dragged  out  of  the  nest  or  killed. 

Moreover,  we  have  not  only  to  deal  with  the  fact 
that  ants  know  all  their  comrades,  but  that  they  recog- 
nise them  even  after  a  lengthened  separation. 

Huber  mentions  that  some  ants  which  he  had  kept 
in  captivity  having  accidentally  escaped,  *  met  and 
recognised  their  former  companions,  fell  to  mutual 
caresses  with  their  antennae,  took  them  up  by  their 
mandibles,  and  led  them  to  their  o?ni  nests ;  they 
came  presently  in  a  crowd  to  seek  the  fugitives  under 
and  about  the  artificial  ant-hill,  and  even  ventured  to 
reach  the  bell-glass,  where  they  eflfected  a  complete 
desertion  by  carrying  away  successively  all  the  ants 
they  found  there.  In  a  few  days  the  ruche  was 
depopulated.  These  ants  had  remained  four  months 
without  any  communication.'  ^  This  interesting  state- 
ment has  been  very  naturally  copied  by  succeeding 
writers.  See,  for  instance,  Kirby  and  Spence's  *  In- 
troduction to  Entomology,'  vol.  ii.  p.  66,  and  Newport, 
*  Trans,  of  the  Entomological  Society  of  London,' 
vol.  ii  p.  239. 

Forel,  indeed,  regards  the  movements  observed  by 
Huber  as  having  indicated  fear  and  surprise  rather  than 
affection ;  though  he  is  quite  disposed  to  believe,  from 
his  own  observations,  that  ants  would  recognise  one 
another  after  a  separation  of  several  months. 
>  Huber,  p.  172. 
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The  observation  recorded  by  Huber  was  made 
casually,  and  he  did  not  take  any  steps  to  test  it  by 
subsequent  experiments.  The  fact,  however,  is  of 
80  much  importance  that  I  determined  to  make 
farther  observations  on  the  subject.  In  the  first  place, 
I  may  repeat  that  I  have  satisfied  myself  by  many 
experiments,  that  ants  from  one  community  introduced 
into  another, — always  be  it  understood  of  the  same 
species, — ^are  attacked,  and  either  driven  out  or  killed. 
It  follows,  therefore,  that  as  within  the  nest  the  most 
complete  harmony  prevails — ^indeed,  I  have  never  seen 
a  quarrel  between  sister  ants — they  must  by  some  means 
recognise  one  another. 

When  we  consider  their  immense  numbers  this  is 
suflSciently  surprising ;  but  that  they  should  recognise 
one  another,  as  stated  by  Huber,  after  a  separation  of 
months,  is  still  more  astonishing. 

I  determined  therefore  to  repeat  and  extend  his 
observations. 

Accordingly,  on  August  20, 1875, 1  divided  a  colony 
of  Myrmica  rugmocHs^  so  that  one  half  were  in  one 
nest,  A,  and  the  other  half  in  another,  B,  and  were 
kept  entirely  apart. 

On  October  3,  I  put  into  nest  B  a  stranger  and 
an  old  companion  from  nest  A.  They  were  marked 
with  a  spot  of  colour.  One  of  them  immediately 
flew  at  the  stranger;  of  the  friend  they  took  no 
notice. 

October  18. — ^At  10  a.m.  I  put  in  a  stranger  and  a 


Digitized  by 


Google 


122  BECOGNITION  OF  FRIENDS 

friend  from  nest  A.  In  the  evening  the  former  was 
killed,  the  latter  was  quite  at  home. 

October  19. — I  put  one  in  a  small  bottle  with  a 
friend  from  nest  A.  They  did  not  show  any  enmity.^  I 
then  put  in  a  stranger ;  and  one  of  them  immediately 
began  to  fight  with  her. 

October  24. — I  again  put  into  the  nest  a  stranger 
and  a  friend.  The  former  was  attacked,  but  not  the 
latter.  The  following  day  I  found  the  former  almost 
dead,  while  the  friend  was  all  right. 

October  31. — I  again  put  a  stranger  and  a  friend  into 
the  nest.  The  former  was  at  once  attacked ;  in  this 
case  the  friend  also  was,  for  a  moment,  seized  by  the 
leg,  but  at  once  released  again.  On  the  following 
morning  the  stranger  was  dead,  the  friend  was  all 
right. 

November  7. — Again  I  put  in  a  stranger  and  a  friend. 
The  former  was  soon  attacked  and  eventually  driven 
out ;  of  the  latter  they  did  not  seem  to  me  to  take  any 
particular  notice.  I  could  see  no  signs  of  welcome,  no 
gathering  round  a  returned  friend ;  but,  on  the  other 
hand,  she  was  not  attacked. 

Again,  I  separated  one  of  my  colonies  of  Formica 
fuaca  into  two  halves  on  August  4,  1875,  and  kept 
them  entirely  apart.  From  time  to  time  I  put  speci- 
mens from  the  one  half  back  into  the  other.  The  de- 
tails of  this  experiment  will  be  found  in  the  Appendix. 
At  first  the  friends  were  always  amicably  received,  but 
after  some  months'  separation  they  were  occasionally 
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attacked,  as  if  some  of  the  ants,  perhaps  the  young  ones, 
did  not  recognise  them.  Still  they  were  never  killed, 
or  driven  out  of  the  nest,  so  that  evidently  when  a 
mistake  was  made,  it  was  soon  recognised.  No  one 
who  saw  the  different  manner  in  which  these  ants  and 
strangers  were  treated,  could  have  the  slightest  doubt 
that  the  former  were  recognised  as  Mends  and  the 
latter  as  enemies.  The  last  three  were  put  back  on 
May  14,  1877,  that  is  to  say,  after  a  separation  of  a 
year  and  nine  months,  and  yet  they  were  amicably  re« 
ceived,  and  evidently  recognised  as  Mends ! 

These  observations  were  all  made  on  Formica  fuscay 
and  it  is  of  course  possible  that  other  species  would 
behave  in  a  different  manner. 

Indeed,  in  this  respect  Laaius  fiavus  offers  a  sur- 
prising contrast  to  F.  fuaca.  I  was  anxious  to  see 
whether  the  colonies  of  this  species,  which  are  very 
numerous  round  my  house,  were  in  Mendly  relations 
with  one  another.  With  this  view,  I  kept  a  nest  of  L. 
flaws  for  a  day  or  two  without  food,  and  then  gave 
them  some  honey,  to  which  they  soon  found  their  way 
in  numbers.  I  then  put  in  the  midst  of  them  an  ant 
of  the  same  species  from  a  neighbouring  nest;  the 
others  did  not  attack,  but,  on  the  contrary,  cleaned  her 
— ^thouglj,  from  the  attention  she  excited  and  the 
numerous  communications  which  took  place  between 
her  and  them,  I  am  satisfied  that  they  knew  she  was 
not  one  of  themselves.  After  a  few  minutes  she  accom- 
panied some  of  the  returning  ants  to  the  nest.     They 
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did  not  drag  nor  apparently  guide  her ;  but  she  went 
with  the  rest  freely.  This  I  repeated  several  times 
with  the  same  result. 

I  then  took  four  ants,  two  from  a  nest  about  500 
yards  from  the  first  in  one  direction,  the  other  from  an 
equal  distance  in  another.  In  all  cases  the  result  was 
the  same.  I  then  got  a  few  from  a  colony  about  half  a 
mile  oflF.  These  also  were  most  amicably  received,  and 
in  every  case  the  stranger  went  of  her  own  accord  to 
the  nest.  One  of  the  strangers  was,  indeed,  dragged 
about  half  way  to  the  entrance  of  the  nest,  but  was 
then  left  free  and  might  have  run  away  if  she  had 
liked.  She,  however,  after  wandering  about  for  half  a 
minute,  voluntarily  entered  the  nest.  In  one  or  two 
cases  the  stranger  ran  as  quickly  and  straight  to  the 
nest  as  if  she  had  been  there  over  and  over  again. 
This,  I  suppose,  can  only  have  been  by  scent;  and  cer- 
tainly no  hounds  in  ftdl  cry  could  have  pursued  their 
game  more  directly  or  with  less  hesitation.  In  other 
cases,  however,  they  were  much  longer  before  they  went 
in.  To  satisfy  myself  that  these  facts  were  not  owing 
to  the  nest  having  been  taken  from  that  of  colonies 
or  allies,  I  subsequently  procured  some  ants  of  the 
same  species  from  a  nest  in  Hertfordshire ;  and  they 
also  behaved  in  a  similar  manner.  In  one  or  two  cases 
they  seemed  to  be  attacked,  though  so  feebly  that  I  could 
not  feel  sure  about  it;  but  in  no  case  were  the  ants  killed. 

The  following  feet  surprised  me  still  more.  I  put 
an  ant  (Aug.  13)  at  9  a.m.  on  a  spot  where  a  number  of 
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Lasiiia  flavus  (belonging  to  one  of  my  nests  of  domesti- 
cated ants)  had  been  feeding  some  hours  previously, 
though  none  were  there,  or,  indeed,  out  at  all,  at  the 
moment.  The  entrance  to  the  nest  was  about  eight 
inches  oflF;  but  she  walked  straight  to  it  and  into  the 
nest.  A  second  wandered  about  for  four  or  five  minutes, 
and  then  went  in ;  a  third,  on  the  contrary,  took  a  wrong 
direction,  and,  at  any  rate  for  three-quarters  of  an  hour, 
did  not  find  the  entrance. 

At  that  time,  however,  I  did  not  ascertain  what 
became  of  the  specimens  thus  introdiiced  into  a  strange 
community.  I  thought  it  would  be  worth  while  to 
determine  this,  so  I  subsequently  (1881)  took  six  ants 
from  one  of  my  nests  of  L.  flaviiSi  marked  them,  and 
introduced  them  into  another  nest  of  the  same  species. 
As  in  the  preceding  cases  they  entered  quite  readily ; 
but  though  they  were  not  at  first  attacked,  they  were 
evidently  recognised  as  strangers.  The  others  ex- 
amined them  carefully,  and  at  length  they  were  all 
driven  out  of  the  nest.  Their  greater  readiness  to  enter 
a  strange  nest  may  perhaps  be  accounted  for  by  the  fact 
that,  as  a  subterranean  species  their  instinct  always  is 
to  conceal  themselves  underground,  whereas,  F.  fusca^ 
a  hunting  species,  does  not  do  so  except  to  enter  its 
own  nest. 

How  do  these  ants  and  bees  recognise  their  com- 
panions? The  difficulty  of  believing  that  in  such 
populous  communities  every  individual  knows  every 
other  by  sight,  has  led  some  entomologists  to  suppose 
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that  each  nest  had  a  sign  or  password.  This  was,  for 
instance,  the  opinion  of  Grelieu,  who  believed  that  in 
each  hive  the  bees  had  some  common  sign  or  password. 
As  evidence  of  this,  he  mentions  ^  that  one  of  his  hives 
had  been  for  some  days  robbed  by  the  bees  from 
another :  *  et  je  desesperais  de  conserver  cet  essaim, 
lorsqu'un  jour,  sur  le  soir,  je  le  vis  fort  inquiet,  fort 
agite,  comme  s'il  eut  perdu  sa  reine.  Les  abeilles 
couraient  en  tout  sens  sur  le  devant  et  le  tablier  de  la 
ruche,  se  flairant,  se  tatant  mutuellement,  comme  si 
elles  eussent  voulu  se  dire  quelque  chose.  C'^tait  pour 
changer  leur  signe  de  reconnaissance,  qu'elles  chang^rent 
en  eflfet  pendant  la  nuit.  Toutes  les  pillardes  qui 
revinrent  le  lendemain,  furent  arret^es  et  tuees.  Plu- 
sieurs  echapp^rent  aux  gardes  vigilantes  qui  defendaient 
I'entree  avertirent  sans  doute  les  autres  du  danger 
qu'elles  avaient  couru,  et  que  Ton  ne  pouvait  plus 
piller  impunement.  Aucune  de  celles  qui  voulurent 
recommencer  leur  depredation  ne  penetra  dans  la 
ruche,  dont  elles  avaient  fait  leur  proie,  et  qui  prospeiti 
merveilleusement.' 

Dujardin  doubts  the  explanation  given  by  Grelieu. 
He  thinks  that  the  nest  which  was  robbed  was  at  that 
time  queenless,  and  that  the  sudden  change  in  the 
behaviour  of  the  bees  was  due  to  their  having  acquired 
a  queen. 

Burmeister,  on  the  contrary,  in  his  excellent 
*  Manual  of  Entomology,*  says  that  *  the  power  of  com- 
>  Le  Conservateur  des  AbeiUet,  p.  143. 
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municating  to  their  comrades  what  they  purpose  is 
peculiar  to  insects.  Much  has  been  talked  of  the 
so-called  signs  of  recognition  in  bees,  which  is  said  to 
consist  in  recognising  their  comrades  of  the  same  hive 
by  means  of  peculiar  signs.  This  sign  serves  to  pre- 
vent any  strange  bee  from  entering  into  the  same  hive 
without  being  immediately  detected  and  killed.  It, 
however,  sometimes  happens  that  several  hives  have 
the  same  signs,  when  their  several  members  rob  each 
other  with  impunity.  In  these  cases  the  bees  whose 
hive  suffers  most  alter  their  signs,  and  then  can  im- 
mediately detect  their  enemy.'  * 

Others,  again,  have  supposed  ants  recognise  one 
another  by  smell. 

Mr.  McGook  states  that  ants  more  or  less  soaked  in 
water  are  no  longer  recognised  by  their  friends,  but,  on 
the  contrary,  are  attacked.  Describing  the  following 
observation,  he  says :  ^ — *  I  was  accidentally  set  upon  the 
track  of  an  interesting  discovery.  An  ant  fell  into  a 
box  containing  water  placed  at  the  foot  of  a  tree.  She 
remained  in  the  liquid  several  moments  and  crept  out. 
Immediately  she  was  seized  in  a  hostile  manner,  first 
by  one,  then  another,  then  by  a  third:  the  two  an- 
tennae and  one  leg  were  thus  held.  A  fourth  ant 
assaulted  the  middle  thorax  and  petiole.  The  poor 
little  bather  was  thus  dragged  helplessly  to  and  fro 
for  a  long  time,  and  was  evidently  ordained  to  death. 

*  Btirmeister*s  Ewtomology^  p.  502. 

2  Mound-maUng  Ants  of  the  AUeghanies,  p.  280. 
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Presently  I  took  up  the  struggling  heap.  Two  of  the 
assailants  kept  their  hold;  one  finally  dropped,  the 
other  I  could  not  tear  loose,  and  so  put  the  pair  back 
upon  the  tree,  leaving  the  doomed  immersionist  to  her 
hard  fete.' 

After  recording  one  or  two  other  similar  observa- 
tions, he  adds  : ' — *  The  conclusion,  therefore,  seems 
warranted  that  the  peculiar  odour  or  condition  by  which 
the  ants  recognise  each  other  was  temporarily  destroyed 
by  the  bath,  and  the  individuals  thus  "  tainted"  were 
held  to  be  intruders,  alien  and  enemy.  This  con- 
clusion is  certainly  unfavourable  to  the  theory  that  any 
thing  like  an  intelligent  social  sentiment  exists  among 
the  ants.  The  recognition  of  their  fellows  is  reduced 
to  a  mere  matter  of  physical  sensation  or  "  smell." ' 
This  conclusion  does  not,  I  confess,  seem  to  me  to  be 
conclusively  established. 

We  can  hardly  suppose  that  each  ant  has  a  pecu- 
liar odour,  and  it  seems  almost  equally  difficult,  con- 
sidering the  immense  number  of  ants'  nests,  to  suppose 
that  each  community  has  a  separate  and  peculiar  smell. 
Moreover,  in  a  previous  chapter  I  have  recorded  some 
experiments  made  with  intoxicated  ants.  It  will  be 
remembered  that  my  ants  are  allowed  to  range  over  a 
table  surrounded  by  a  moat  of  water.  Now,  as  already 
mentioned,  out  of  forty-one  intoxicated  friends,  thirty- 
two  were  carried  into  the  nest  and  nine  were  thrown 
into  the  water;  while  out  of  fifty-two  intoxicated 
>  Mmmd-making  Ants  of  the  Alleghcmies,  p.  281. 
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strangers  two  were  taken  into  the  nest  and  fifty  were 
thrown  into  the  water.  I  think  it  most  probable  that 
even  these  two  were  subsequently  brought  out  and 
treated  like  the  rest. 

It  is  clear,  thcjrefore,  that  in  these  species,  and  I 
believe  in  most,  if  not  all  others,  the  ants  of  a  com- 
munity all  recognise  one  another.  The  whole  question 
is  full  of  difficulty.  It  occurred  to  me,  however,  that 
experiments  with  pupse  might  throw  some  light  on 
the  subject.  Although  all  the  communities  are  deadly 
enemies,  still  if  larvae  or  pupae  from  one  nest  are  trans- 
ferred to  another,  they  are  tended  with  apparently  as 
much  care  as  if  they  really  belonged  to  the  nest.  In 
ant-warfare,  though  sex  is  no  protection,  the  yoimg  are 
spared,  at  least  when  they  belong  to  the  same  species. 
Moreover,  though  the  habits  of  ants  are  greatly  changed 
if  they  are  taken  away  from  their  nest  and  kept  with 
only  a  few  friends,  still,  under  such  circimistances,  they 
will  carefully  tend  any  young  who  may  be  confided  to 
them.  Now  if  the  recognition  were  individual — if  the 
ants  knew  any  one  of  their  comrades,  as  we  know  our 
friends,  not  only  from  strangers,  but  from  one  another 
— then  yoxmg  ants  taken  from  the  nest  as  pupae  and 
restored  after  they  had  come  to  maturity  would  not 
be  recognised  as  friends.  On  the  other  hand,  if  the 
recognition  were  effected  by  means  of  some  signal  or 
password,  then  the  pupae  which  were  intrusted  to  ants 
from  another  nest  would  have  the  password,  if  any,  of 
that  nest ;  and  not  of  their  own.     Hence  in  this  case 
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they  would  be  amicably  received  in  the  nest  from 
which  their  nurses  had  been  taken,  but  not  in  their 
own. 

In  the  first  place,  therefore,  I  put,  on  September  2, 
1877,  some  pupae  from  one  of  my  nests  of  Formica 
fuaca  with  a  couple  of  ants  from  the  same  nest.  On 
the  27th  I  put  two  ants,  which  in  the  meantime  had 
emerged  from  one  of  these  pupae,  back  into  their  own 
nest  at  8.30  A.M.,  marking  them  with  paint  as  usual. 
At  9  they  seemed  quite  at  home ;  at  9.30,  ditto ;  at 
10,  ditto;  and  they  were  nearly  cleaned.  After  that 
I  could  not  distinguish  them. 

On  the  29th  another  ant  came  out  of  the  pupa- 
state  ;  and  on  October  1  at  7.45  I  put  her  back  into 
the  nest.  She  seemed  quite  at  home,  and  the  others 
soon  began  to  clean  her.  We  watched  her  from  time 
to  time,  and  she  was  not  attacked;  but,  the  colour 
being  removed,  we  could  not  recognise  her  after  9.30. 

On  July  14  last  year  (1878)  I  put  into  a  small  glass 
some  pupae  from  another  nest  of  Formica  fusca  with 
two  friends. 

On  August  111  put  four  of  the  young  ants  which 
had  emerged  from  these  pupae  into  the  nest.  After 
the  interval  of  an  hour,  I  looked  for  them  in  vain. 
The  door  of  the  nest  was  closed  with  cotton-wool ;  so 
that  they  could  not  have  come  out ;  and  if  any  were 
being  attacked,  I  think  we  must  have  seen  it.  I 
believe,  therefore,  that  in  the  meantime  they  had  been 
cleaned.     Still,  as  we  did  not  actually  watch  them,  I 
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^as  not  satisfied.  I  put  in,  therefore,  two  more  at 
A  P.M.  At  5.30  they  were  all  right;  at  5.45,  ditto, 
one  being  almost  cleaned.  At  6  one  was  all  right ; 
the  other  was  no  longer  recognizable,  having  been  quite 
cleaned.  At  6.30  also  one  was  quite  at  home ;  the 
other  could  not  be  distinguished.  At  7  both  had  been 
•completely  cleaned 

The  following  day  I  marked  another,  and  put  her 
in  at  6  a.m.  At  6.15  she  was  all  right  among  the 
others,  and  also  at  6.30,  7,  7.30,  8,  and  9.30,  after 
which  I  could  no  longer  distinguish  her. 

Again,  on  the  following  day  I  put  in  another  at 
6.45  A.M.  At  7  she  was  quite  at  home,  and  also  at 
7.15,  7.30,  8,  and  to  9.30,  after  which  I  did  not  watch 
her. 

To  test  the  mode  in  which  the  ants  of  this  nest 
would  behave  to  a  stranger,  I  then,  though  feeling  no 
•doubt  as  to  the  result,  introduced  one.  The  diflference 
was  very  striking.  The  stranger  was  a  powerful  ant ; 
still  she  was  evidently  uncomfortable,  started  away 
from  every  ant  she  met,  and  ran  nervously  about, 
trying  to  get  out  of  the  nest.  She  was,  however,  soon 
attacked. 

Again,  on  October  1  some  pupae  of  Laaiua  niger 
were  placed  in  a  glass  with  five  ants  from  the  same 
nest. 

On  December  8  I  took  three  of  the  ants  which  had 
emerged  from  these  pupae,  and  at  midday  put  them 
back  into  their  old  nest,  having  marked  them  by  nick- 
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ing  the  claws.  Of  course,  under  these  circumstances 
we  could  not  watch  the  ants.  I  examined  the  nest^ 
however,  every  half  hour  very  careftdly,  and  am  satisfied 
that  there  was  no  fighting.  The  next  morning  there 
was  no  dead  ant ;  nor  was  there  a  death  in  the  nest  for 
more  than  a  fortnight. 

December  21. — ^Marked  three  more  in  the  same 
manner,  and  put  them  in  at  11.15  a.m.  Looked  at 
the  usual  intervals,  but  saw  no  fighting.  The  next 
morning  there  was  no  dead  one  outside  the  nest ;  but 
I  subsequently  found  one  of  these  ants  outside,  and 
nearly  dead.  I  am,  however,  disposed  to  think  that  I 
had  accidentally  injured  this  ant. 

December  23. — Painted  three,  and  put  them  in  at  10 
A.M.  At  11  they  were  all  right,  12  ditto,  1  ditto,  2  ditto, 
3  ditto,  4  ditto,  5  ditto.  At  3  I  put  in  three  strangers 
for  comparison  :  two  of  them  were  soon  attacked  ;  the 
other  hid  herself  in  a  comer;  but  all  three  were 
eventually  dragged  out  of  the  nest.  I  found  no  other 
dead  ant  outside  the  nest  for  some  days. 

December  29. — Painted  three  more,  and  put  them 
in  at  10.30  a.m.  At  11  they  were  all  right,  12  ditto,  1 
ditto,  2  ditto.  During  the  afternoon  they  were  once  or 
twice  attacked  for  a  minute  or  two,  but  the  ants  seemed 
soon  to  perceive  the  mistake,  and  let  them  go  again. 
The  next  morning  I  found  one  dead  ant,  but  had 
no  reason  to  suppose  that  she  was  one  of  the  above 
three.  The  following  morning  there  was  again  only 
one  dead  ant  outside  the  nest ;  she  was  the  third  of  the 
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strangers  put  in  on  the  23rd,  as  mentioned  above.     Up 
to  January  23  found  no  other  dead  one. 

January  3,  1879. — Painted  three  more,  and  put 
them  in  at  11.30  A.M.  At  12  two  were  all  right:  we 
€ould  not  see  the  third ;  but  no  ant  was  being  attacked. 
12  ditto.  1,  all  three  are  all  right ;  2  ditto ;  5  ditto. 
As  already  mentioned,  for  some  days  there  was  no  dead 
ant  brought  out  of  the  nest. 

January  5. — Painted  three  more  and  put  them  in 
at  11.30  A.M.  At  12  two  were  all  right  among  the 
others ;  I  could  not  find  the  third ;  but  no  ant  was 
being  attacked.  12.30  ditto,  1,  ditto,  2  ditto,  4  ditto. 
On  the  following  morning  I  found  two  of  them  all  right 
among  the  others.     There  was  no  dead  ant. 

January  13. — Painted  three  more  and  put  them  in 
at  12.30.  At  1  they  were  all  right.  2  ditto.  4,  two 
were  all  right ;  I  could  not  see  the  third,  but  she  was 
not  being  attacked.  The  next  morning,  when  I  looked 
at  the  nest,  one  was  just  being  carried,  not  dragged, 
out.  The  ant  carried  her  about  6  inches  and  then  put 
her  down,  apparently  quite  xmhurt.  She  soon  returned 
into  the  nest,  and  seemed  to  be  quite  amicably  re- 
ceived by  the  rest.  Another  one  of  the  three  also 
seemed  quite  at  home.  The  third  I  could  not  see ;  but 
up  to  January  23  no  dead  one  was  brought  out  of  the 
nest. 

January  19. — ^Marked  the  last  three  of  these  ants, 
and  put  them  into  the  nest  at  9.30  a.m.  They  were 
watched  continuously  up  to  1.     At  that  time  two  of 
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them  had  been  almost  completely  cleaned.  One  was 
attacked  for  about  a  minute  soon  after  11,  and  another 
a  little  later;  but  with  these  exceptions  they  were 
quite  amicably  received,  and  seemed  entirely  at  home 
among  the  other  ants. 

Thus  every  one  of  these  thirty-two  ants  was  amic- 
ably received. 

These  experiments,  then,  seem  to  prove  that  ants 
removed  from  a  nest  in  the  condition  of  pupse,  but 
tended  by  friends,  if  reintroduced  into  the  parent  nest, 
are  recognised  and  treated  as  friends.  Nevertheless 
the  recognition  does  not  seem  to  have  been  complete. 
In  several  cases  the  ants  were  certainly  attacked, 
though  only  by  one  or  two  ants,  not  savagely,  and  only 
for  a  short  time.  It  seemed  as  if,  though  recognised 
as  friends  by  the  great  majority,  some  few,  more 
ignorant  or  more  suspicious  than  the  rest,  had  doubts 
on  the  subject,  which,  however,  in  some  manner 
still  mysterious,  were  ere  long  removed.  The  case 
in  which  one  of  these  marked  ants  was  carried  out  of 
the  nest  may  perhaps  be  explained  by  her  having  been 
supposed  to  be  ill,  in  which  case,  if  the  malady  is  con- 
sidered to  be  fatal,  ants  are  generally  brought  out  of 
the  nest. 

It  now  remained  to  test  the  result  when  the  pupse 
were  confided  to  the  dare  of  ants  belonging  to  a  diflferent 
nest,  though,  of  course,  the  same  species. 

I  therefore  took  a  number  of  pupae  out  of  some  of 
my  nests  of  Formica  fusca  and  put  them  in  smali 
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glasses,  with  ants  from  another  nest  of  the  same  species. 
Now,  as  already  mentioned,  if  the  recognition  were 
eflfected  by  means  of  some  signal  or  password,  then,  as 
we  can  hardly  suppose  that  the  larvae  or  pupae  would 
be  suflGiciently  intelligent  to  appreciate,  still  less  to 
remember  it,  the  pupae  which  were  intrusted  to  ants 
from  another  nest  would  have  the  password,  if  any,  of 
that  nest,  and  not  of  the  one  from  which  they  had  been 
taken.  Hence,  if  the  recognition  were  eflfected  by 
some  password  or  sign  with  the  antennae,  they  would 
be  amicably  received  in  the  nest  from  which  their 
nurses  had  been  taken,  but  not  in  their  own. 

I  will  indicate  the  nests  by  the  numbers  in  my 
note-book. 

On  August  26  last  year  I  put  some  pupae  of 
Formica  fusca  from  one  of  my  nests  (No.  36)  with  two 
workers  from  another  nest  of  the  same  species.  Two 
emerged  from  the  chrysalis  state  on  the  30th ;  and  on 
September  2  I  put  them,  marked  as  usual,  into  their 
old  nest  (No.  36)  at  9.30  a.m.  At  9.45  they  seemed 
quite  at  home,  and  had  already  been  nearly  cleaned. 
At  10.15  the  same  was  the  case,  and  they  were  scarcely 
distinguishable.  After  that  I  could  no  longer  make 
them  out;  but  we  watched  the  nest  closely,  and  I 
think  I  can  undertake  to  say  that  if  they  had  been 
attacked  we  must  have  seen  it. 

Another  one  o^the  same  batch  emerged  on  August 
18,  but  was  rather  crippled  in  doing  so.  On  the  21st 
I  put  her  into  the  nest  (No.  36).     This  ant  was  at  once 
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attacked,  dragged  out  of  the  nest,  and  dropped  into  the 
surrounding  moat  of  water. 

Again,  on  July  14  last  year  (1 878)  I  put  some  pupae 
of  Formica  fused  from  nest  No.  36  into  a  glass  with 
three  ants  of  the  same  species  from  nest  No.  60. 

On  the  22nd  I  put  an  ant  from  one  of  these  pupae 
into  her  old  nest  (No.  36)  at  9.30  a.m.  She  was  at- 
tacked. At  10  she  was  being  dragged  about.  10,30 
ditto.     1  regretted  she  was  not  watched  longer. 

August  8. — ^Put  another  ant  which  had  emerged 
from  one  of  these  pupae  into  her  old  nest  (No.  36)  at 
7.45  A.M.  At  8  she  seemed  quite  at  home  among  the* 
others.     8.15  ditto,  8.30  ditto,  9  ditto,  9.30  ditto. 

August  9. — ^Put  two  other  young  ants  of  this 
batch  into  their  old  nest  (No.  36)  at  7  a.m.  At  7.30 
they  were  all  right.  At  7.30  one  of  them  was  being 
dragged  by  a  leg,  but  only,  I  think,  to  bring  her  imder 
shelter,  and  was  then  let  go.  Young  ants  of  this  spe- 
cies, when  the  nest  is  disturbed,  are  sometimes  dragged 
to  a  place  of  safety  in  this  way.  At  8.30  they  were 
all  right  and  nearly  cleaned.  After  this  I  could  not 
distinguish  them ;  but  if  they  had  been  attacked,  we 
must  have  seen  it. 

August  11. — Put  in  another  one  as  before  at 
8.30  A.M.  At  8.45  she  was  all  right.  At  9  she  was 
dragged  by  a  leg,  like  the  last,  but  not  for  long ;  and 
at  9.30  she  was  quite  comfortable  amongst  the  others. 
10  ditto,  10.45  ditto,  12  ditto,  5  ditto. 

August  24. — Put  in  the  last  two  ants  of  this  lot 
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.as  before  at  9.15  a.m.  At  9.30  they  were  all  right. 
9.45  ditto.  At  10  they  were  almost  cleaned.  At  10.30 
I  could  only  distinguish  one  ;  and  she  had  only  a  speck 
•of  colour  left.  She  appeared  quite  at  home ;  and  though 
I  could  no  longer  distinguish  the  other,  I  must  have 
seen  it  if  she  had  been  attacked. 

Thus,  then,  out  of  seven  ants  of  this  batch  put  back 
into  their  old  nest,  six  were  amicably  received.  On  the 
other  hand,  I  put  one  into  nest  No.  60,  from  which  the 
three  nurses  were  taken.  She  was  introduced  into  the 
nest  at  8.15  A.M.,  and  was  at  once  attacked.  8.45,  she 
was  being  dragged  about.  9  ditto,  9.15  ditto,  9.30  ditto. 
Evidently  therefore  she  was  not  treated  as  a  firiend. 

Again,  on  July  14,  1878,  I  put  some  pupse  of 
Formica  fusca  from  nest  No.  60  with  three  ants  from 
nest  No.  36. 

On  August  5  at  4  p.m.  I  put  an  ant  which  had 
emerged  from  one  of  these  pupae,  into  her  old  nest 
(No.  60).  At  4.15  she  seemed  quite  at  home.  They 
were  already  cleaning  her ;  and  by  4.30  she  was  no  longer 
distinguishable.  We  watched  the  nest,  however,  care 
fully  for  some  time ;  and  I  feel  sure  she  was  not  attacked. 

August  6. — Put  another  of  this  batch  into  nest 
No.  60  at  7.15  a.m.  At  7.30  she  was  not  attacked.  At 
•8,  one  of  the  ants  was  carefully  cleaning  her.  At  8.15 
she  was  quite  at  home  among  the  others.  At  8.30 
'ditto ;  she  was  nearly  cleaned.     9.30  ditto. 

August  8. — Put  in  another  as  before  at  7.45.  At 
8  she  was  all  right.     8.30  ditto,  9.30  ditto,  9.45  ditto. 
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August  9. — Put  in  another  as  before  at  7  A.M.  At 
7.30  she  is  quite  at  home  among  the  others,  and  abready 
nearly  cleaned.  At  8 1  could  no  longer  distinguish  her  ; 
but  certainly  no  ant  was  being  attacked.     9  ditto. 

August  11. — Put  in  another  as  before  at  8  a.m. 
At  8.15  she  was  quite  at  home.  8.30  ditto,  9  ditto^ 
9.30  ditto,  10  ditto,  12.30  ditto. 

August  13. — Lastly,  I  put  in  the  remaining  young 
ant  as  before  at  7  a.m.  At  7.15  she  was  all  right.  At 
7.30  ditto  and  nearly  cleaned.  At  8  I  could  no  longer 
distinguish  her ;  but  no  ant  was  being  attacked. 

Thus,  then,  as  in  the  preceding  experiment,  these 
six  ants  when  reintroduced  into  the  nest  from  which 
they  had  been  taken  as  pupae,  were  received  as  friends. 
On  the  other  hand,  on  August  5  I  put  a  young  ant  of 
the  same  batch  into  nest  No.  36,  from  which  the  three 
nurses  had  been  taken.  She  was  introduced  at  11  and 
was  at  once  attacked.  At  11.30  she  was  being  dragged 
about,  and  shortly  affcer  was  dragged  out  of  the  nest. 
I  then  introduced  a  second;  but  she  was  at  once 
attacked  like  the  first. 

August  2^. — ^I  put  some  pupae  of  Formica  fusca 
from  nest  No.  64  under  the  charge  of  three  ants  from 
nest  No.  60.  By  September  7  several  young  ones  had 
emerged.  I  put  two  of  them  into  nest  No.  64  at 
8.15  A.M.  They  were  amicably  received,  as  in  the  pre- 
ceding experiments,  and  the  ants  began  to  clean  them.. 
At  8.30  they  were  all  right.  8.45  ditto.  At  9  they  had 
been  completely  cleaned,  so  that  I  could  not  distinguish 
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them;   but  there  was   no  fighting  going  on  in  the 
nest. 

On  the  same  day,  at  9.45  a.m.,  I  put  into  nest  64 
twp  more  as  before.  At  10  they  were  both  quite  at 
home  among  the  other  ants.  10.15  ditto,  10.30  ditto, 
11  ditto,  12  ditto,  1  ditto.  I  then  put  in  a  stranger; 
and  she  was  at  once  fiercely  attacked. 

September  8. — ^Put  in  two  more  of  the  ants  which 
had  emerged  from  the  pupae,  as  before,  at  9.30  a.m. 
At  9.45  they  were  all  right.  10  ditto,  10.30  ditto,  11 
ditto,  11.30  ditto,  12  ditto,  1  ditto. 

On  the  other  hand,  on  September  14, 1  put  one  of 
these  ants  in  the  same  manner  into  nest  No.  60  at  6.30 
A.M.  She  was  at  once  attacked.  At  6.45  she  was  being 
dragged  about  by  an  antenna.  7  ditto.  At  7.30  she  was 
by  herself  in  one  comer.  At  8.30  she  was  again  being 
dragged  about.  9.30  ditto.  The  difierence,  therefore,, 
was  immistakable. 

Once  more,  on  July  29  I  put  some  pupae  of  Formica 
fusca  from  out  of  doors  under  the  charge  of  three  anta 
from  nest  No.  36. 

August  3. — Several  had  come  out,  and  I  put  twa 
of  them  into  the  nest  of  their  nurses  (No.  36)  at  2  p.m. 
Both  were  at  once  attacked.  At  2.45  they  were  being 
dragged  about.  3  ditto.  3.30  one  was  being  dragged 
about.  4,  both  were  being  attacked.  Eventually  one 
was  turned  out  of  the  nest.     The  other  I  lost  sight  of. 

August  4. — Put  two  more  of  this  batch  into  nest 
No.  36,  at  12.30.     One  was  at  once  attacked.     1,  one 
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was  being  dragged  about  by  an  antenna.  2.30,  both 
were  being  attacked.  At  2.45  one  was  dragged  out  of 
the  nest. 

I  then  put  back  one  of  the  old  ones ;  as  might  have 
been  expected,  she  was  received  quite  amicably. 

I  then  tried  the  same  experiment  with  another 
fipecies,  Lasiua  niger.  I  took  some  pupae  from  two  of 
my  nests,  which  I  knew  not  to  be  on  friendly  terms, 
and  which  I  will  call  1  and  2,  and  confided  each  batch 
to  three  or  four  ants  taken  from  the  other  nest.  When 
they  had  come  to  maturity  I  introduced  them  into  the 
nests  as  before. 

They  were  taken  from  their  nest  on  September  20; 
and  the  results  were  as  follows. 

Pupae  from  nest  1  confided  to  ants  from  nest  2. 

September  20. — Put  one  of  the  young  ones  into 
nest  2  at  7.15  a.m.  Several  at  once  threatened  her. 
At  7.25  one  of  the  ants  seized  her  by  an  antenna,  and 
began  dragging  her  about.  7.30,  she  was  still  being 
dragged  about.  8,  ditto.  8.15,  she  was  now  being 
dragged  about  by  three  ants.  8.30,  she  was  still  attacked. 
9,  ditto.     At  9.15  she  was  dragged  out  of  the  nest. 

September  23. — Put  two  of  the  young  ants  into 
nest  1  at  9.15  a.m.  One  was  at  once  attacked,  and 
the  other  a  few  minutes  afterwards.  9.45,  both  were 
attacked.  10,  ditto.  One  was  now  dead  and  hanging  on 
to  a  leg  of  assailant.  10.15  ditto.  10.45,  both  were  still 
being  dragged  about. 

At  11  A.M.  I  put  into  nest  2  three  more  very  yoxmg 
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ones.  At  11.10  one  was  attacked.  At  11.20  all  three 
were  being  viciously  attacked,  and  yet  one  was  nearly 
cleaned.  At  12  one  was  being  attacked,  one  was  alone 
in  a  comer,  the  other  we  could  not  find.  At  12.10  one 
was  dragged  out  of  the  nest  and  then  abandoned,  on 
which,  to  my  surprise,  she  ran  into  the  nest  again^ 
which  no  old  ant  would  have  done.  She  was  at  once 
again  seized  by  an  antenna.  At  12.30  she  was  still 
being  dragged  about ;  the  second  was  being  cleaned. 
In  this  instance,  therefore,  I  think  two  out  of  the  three 
were  eventually  accepted  as  inmates  of  the  nest. 

Septefmber  25. — Put  two  of  the  young  ones  into 
nest  1  at  2.30  p.m.  At  2.45  one  was  attacked,  but  not 
viciously.  3  ditto,  3.15  ditto.  No  notice  was  taken  of 
the  other,  though  several  ants  came  up  and  examined  her. 
3.30,  the  first  was  not  attacked,  the  second  was  almost 
cleaned.  4,  the  first  has  been  again  attacked,  but  not 
viciously,  and  moreover  has  been  partly  cleaned.  The 
second  was  evidently  received  as  a  friend,  and  was  almost 
cleaned.  4.30,  they  are  both  comfortably  among  the 
others  and  are  almost  clean.  At  5  I  could  no  longer 
distinguish  them. 

I  now  pass  to  the  other  batch,  namely,  pupae  firom 
nest  2  with  ants  firom  nest  1. 

September  26. — Put  three  of  the  yoimg  ants  into 
nest  1  at  9.30  a.m.  At  9.45  two  were  attacked,  the 
third  was  by  herself.  10  ditto.  At  10.15  one  made  her 
escape  firom  the  nest.  At  10.20  the  third  was  attacked. 
At  10.30  one  of  them  was  dragged  out  of  the  nest,  and 
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then  abandoned.  At  10.50  the  third  also  was  dragged 
out  of  the  nest. 

I  then  put  two  of  these  ants  and  a  third  young  one 
into  nest  2.  At  11.15  a.m.  they  seemed  quite  happy; 
but  at  11.30  two  were  being  dragged  about;  the  third, 
who  was  very  young,  was,  on  the  contrary,  being  care- 
fully cleaned.  At  12  this  last  one  was  undistinguish- 
able ;  of  the  other  two,  one  was  being  attacked,  the 
second  was  taken  no  notice  of,  though  several  ants 
came  up  to  her.  At  12.5  the  first  was  dragged  out  of 
the  nest  and  then  abandoned ;  the  second  was  being 
carefully  cleaned.  This  went  on  till  12.20,  when  the 
paint  was  entirely  removed. 

September  27. — I  put  in  three  more  of  these  young 
ants  into  nest  1,  at  7.45  a.m.  At  8  o'clock  they  seemed 
quite  at  home  among  the  other  ants.  A  few  minutes 
after,  one  was  being  held  by  a  leg ;  the  other  two  seemed 
quite  at  home.  At  8.30  one  was  almost  cleaned,  the 
other  I  could  not  see.  At  9  two  of  them  were  quite  at 
home,  but  I  could  not  see  the  third.  At  9.30  they  were 
both  nearly  cleaned  ;  and  after  that  we  were  no  longer 
able  to  distinguish  them. 

Thinking  the  results  might  be  different  if  the  ants 
were  allowed  to  become  older  before  being  returned  into 
their  nests,  I  made  no  farther  observations  with  these 
ants  for  two  months.  I  then  took  two  of  the  ants  which 
had  emerged  from  the  pupae  separated  on  Septem- 
ber 20,  and  which  had  been  brought  up  by  ants 
from  nest  2,  and  on  November  22  I  put  them  back 
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at  12  A.M.  in  their  old  nest  (that  is  to  say,  in  nest  1), 
having  marked  them  as  usual,  with  paint.  They  showed 
no  signs  of  fear,  but  ran  about  among  the  other  ants  with 
every  appearance  of  being  quite  at  home.  At  1 2.1 5  ditto. 
At  12.30  one  was  being  cleaned.  At  12.45  both  were 
being  cleaned ;  and  by  1  o'clock  they  could  scarcely  be 
distinguished  from  the  other  ants.  There  had  not 
been  the  slightest  symptoms  of  hostility.  After  this 
hour  we  could  no  longer  identify  them ;  but  the  nest 
was  carefully  watched  throughout  the  afternoon,  and  I 
think  I  can  imdertake  to  say  that  they  were  not 
attacked.  When  we  left  off  watching,  the  nest  was 
enclosed  in  a  box.  The  next  morning  I  examined  it 
carefully,  to  see  if  there  were  any  dead  bodies.  This 
was  not  the  case ;  and  I  am  satisfied,  therefore,  that 
neither  of  these  two  ants  was  killed.  To  test  these 
ants,  I  then,  on  November  24,  at  8.30  A.M.,  put  into 
the  nest  two  ants  from  nest  2.  At  8.40  one  was 
attacked ;  the  other  had  hid  herself  away  in  a  comer. 
At  9.15  both  of  the  ants  were  being  dragged  about.  At 
9.35  one  was  dragged  out  of  the  nest  and  then  released, 
and  the  other  a  few  minutes  afterwards.  After  watch- 
ing them  for  some  time  to  see  that  they  remained  out- 
side, I  restored  them  to  their  own  nest.  The  contrast, 
therefore,  was  very  marked. 

Again,  on  November  25, 1  took  two  ants  which  had 
emerged  from  pupae  belonging  to  nest  2,  removed  on 
September  20,  and  brought  up  by  ants  from  nest  1, 
and  put  them  back  into  their  old  nest  at  2  P.M.     They 
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were  watched  continuously  until  4  P.M.,  but  were  not 
attacked,  nor  even  threatened.  The  following  morning 
one  of  them  was  quite  well,  the  other  one  we  could 
not  distinguish;  she  had  probably  been  cleaned.  If 
she  had  been  killed,  we  must  have  foimd  her  dead 
body.  I  then  at  10  a.m.  put  in  two  more.  At 
10.30  one  of  them  was  attacked  for  a  moment,  but 
only  for  a  moment.  With  this  exception  neither  of 
them  was  attacked  imtil  2  o'clock,  when  one  of  them 
was  again  seized  and  dragged  about  for  a  minute  or 
two,  but  then  released  again.  We  continued  watching 
them  till  half-past  4,  when  they  seemed  quite  at  home 
amongst  the  others.  On  the  other  hand  a  stranger, 
put  in  as  a  test  at  12,  was  at  once  attacked.  It  was 
curious,  however,  that  although  she  was  undoubtedly 
attacked,  yet  at  the  very  same  time  another  ant  began 
to  clean  her. 

The  next  morning  we  found  one  ant,  and  only  one,  in 
the  box  outside  the  nest ;  and  this  turned  out  to  be  the 
stranger  of  yesterday.  She  had  been  almost  cleaned ; 
but  there  were  one  or  two  small  particles  of  paint  still 
remaining,  so  that  there  could  be  no  doubt  of  her 
identity. 

The  next  day,  November  27, 1  put  in  three  more 
of  the  ants  derived  from  these  pupae  at  10  a.m.  At 
10.30  they  were  all  right,  running  about  amongst  the 
others.  At  11  o'clock  the  same  was  the  case;  but 
whilst  I  was  looking  again  shortly  afterwards,  one  of 
them  was  seized  by  an  antenna  and  dragged  a  little 
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i^ay,  but  released  again  in  less  than  a  minute.  Shortly 
afterwards  one  of  the  others  was  also  seized,  but  let  go 
again  almost  immediately.  At  one  o'clock  they  were 
all  right,  and  also  at  two.  They  had,  however,  in  the 
meantime  been  more  than  once  threatened,  and  even 
momentarily  seized,  though  they  were  never  dragged 
about  as  strangers  would  have  been.  At  three  o'clock 
I  found  one  of  them  dead ;  but  I  think  I  must  have 
accidentally  injured  her,  and  I  do  not  believe  that  she  was 
killed  by  the  other  ants,  though  I  cannot  speak  quite 
positively  about  it.  The  other  two  were  quite  at  home, 
and  had  been  partly  cleaned.  At  six  one  of  them  was 
running  about  comfortably  amongst  the  rest ;  the  other 
I  could  not  distinguish ;  but  certainly  no  ant  was  being 
attacked. 

November  28. — I  put  in  the  last  two  ants  from  the 
above-mentioned  batch  of  pupse  at  noon.  Like  the 
preceding,  these  ants  were  occasionally  threatened,  and 
^ven  sometimes  attacked  for  a  moment  or  two;  but 
the  other  ants  soon  seemed  to  find  out  their  mistake, 
and  on  the  whole  they  were  certainly  treated  as  friends, 
the  attacks  never  lasting  more  than  a  few  moments. 
One  of  them  was  watched  at  intervals  of  half  an  hour 
until  5  P.M. ;  the  other  we  could  not  distinguish  after 
3  P.M.,  the  paint  having  been  licked  off;  but  we 
should  certainly  have  observed  it  had  she  been 
attacked. 

On  the  whole,  then,  all  the  thirty-two  ants  belonging 
to  Formica  fusca  and  Lamia  niger,  removed  from 
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their  nest  as  pupae,  attended  by  friends  and  restored  to 
their  own  nest,  were  amicably  received. 

What  is  still  more  remarkable,  of  twenty-two  ants 
belonging  to  F.  fuaca^  removed  as  pupae,  attended  by 
strangers,  and  returned  to  their  own  nest,  twenty  were^ 
amicably  received.  As  regards  one  I  am  doubtful ;  the^ 
last  was  crippled  in  coming  out  of  the  pupa-case ;  and 
to  this  perhaps  her  unfriendly  reception  may  have  been 
due. 

Of  the  same  number  of  Laaius  niger  developed 
in  the  same  manner  from  pupae  tended- by  strangers 
belonging  to  the  same  species,  and  then  returned  into 
their  own  nest,  nineteen  were  amicably  received,  three^ 
were  attacked,  and  about  two  I  feel  doubtftd. 

On  the  other  hand,  fifteen  specimens  belonging  ta 
the  same  two  species,  removed  as  pupae,  tended  by 
strangers  belonging  to  the  same  species,  and  then  put 
into  the  strangers'  nest,  were  all  attacked. 

The  results  may  be  tabulated  as  follows : — 

Pupae  brought  up  Papse  brought  up  by  strangers, 

by  friends  and  Put  in  own  Put  in  strangers** 

replaced  in  their  own  nest«  nest.  nest. 

Attacked 0  7»  15 

Received  amicably  .  .  33  37  0 

The  differences  cannot  be  referred  to  any  difference 
of  temperament  in  different  nests.  The  specimens  of 
F.  fused  experimented  with  in  August  and  September 
last  were  taken  principally  from  two  nests,  numbered 
respectively  36  and  60.  Now,  while  nest  36,  in  most 
*  I  do  not  feel  sure  about  three  of  these. 
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cases,  amicably  received  ants  bred  from  its  own  pupae 
but  tended  by  ants  from  60,  it  showed  itself  fiercely 
hostile  to  ants  from  pupae  bom  in  nest  60,  even  when 
these  had  been  tended  by  ants  from  nest  36.  Nest  60, 
again,  behaved  in  a  similar  manner ;  amicably  receiving, 
as  a  general  rule,  its  own  young,  even  when  tended 
by  ants  from  36 ;  and  reftising  to  receive  ants  bom  in 
nest  36,  even  when  tended  by  specimens  from  nest  60. 

These  experiments  seem  to  indicate  that  ants  of  the 
same  nest  do  not  recognise  one  another  by  any  pass- 
word. On  the  other  hand,  they  seem  to  show  that  if  ants 
are  removed  from  a  nest  in  the  pupa-state,  tended  by 
strangers,  and  then  restored,  some  at  least  of  their  rela- 
tives are  puzzled,  and  for  a  time  doubt  their  claim  to  con- 
sanguinity. I  say  some,  because  while  strangers  under 
the  circumstances  would  have  been  immediately  at- 
tacked, these  ants  were  in  every  case  amicably  received 
by  the  majority  of  the  colony,  and  it  was  sometimes 
several  hours  before  they  came  across  one  who  did  not 
recognise  them. 

In  all  these  experiments,  however,  the  ants  were 
taken  from  the  nest  as  pupae,  and  though  I  did  not 
think  the  fact  that  they  had  passed  their  larval  existence 
in  the  nest  could  affect  the  problem,  still  it  might  do 
so.  I  determined  therefore  to  separate  a  nest  before 
the  young  were  bom,  or  even  the  eggs  laid,  and  then 
ascertain  the  result.  Accordingly  I  took  one  of  my  nests 
of  F.  fuaca,  which  I  began  watching  on  Sept.  13,  1 878, 
and  which  contained  two  queens,  and  on  February  8, 
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1879,  divided  it  into  halves,  which  I  will  call  A  and  B, 
so  that  there  were  approximately  the  same  number  of 
ants  with  a  queen  in  each  division.  At  this  season, 
of  course,  the  nest  contained  neither  young  nor  even 
eggs.  During  April  both  queens  began  to  lay  eggs. 
On  July  20  I  took  a  number  of  pupae  from  each  division 
and  placed  each  lot  in  a  separate  glass,  with  two  ants 
from  the  same  division.  On  August  30  I  took  four 
ants  from  the  pupae  bred  in  B,  and  one  from  those  in  A  - 
(which  were  not  quite  so  forward),  and  af(  er  marking 
them  as  usual  with  paint,  put  the  B  ants  into  nest 

A,  and  the  A  ant  into  nest  B.  They  were  received 
amicably  and  soon  cleaned.  Two,  indeed,  were  once 
attacked  for  a  few  moments,  but  soon  released.  On 
the  other  hand,  I  put  two  strangers  into  nest  A,  but 
they  were  at  once  driven  out.  For  facility  of  observa- 
tion I  placed  each  nest  in  a  closed  box.  On  the  31st 
I  carefully  examined  the  nests  and  also  the  boxes  in 
which  I  placed  them.  I  could  only  distinguish  one 
of  the  marked  ants,  but  there  were  no  dead  ants  either 
in  the  nests  or  boxes. 

I  carefully  examined  the  box  in  the  same  way  for 
several  successive  mornings,  but  there  was  no  dead 
ant.  If  there  had  been  I  must  have  foimd  the  body, 
and  I  am  sure,  therefore,  that  these  ants  were  not 
attacked. 

Again,  on  August  31  I  put  two  more  of  the  ants 
which  had  emerged  from  the  pupae  taken  out  of  nest 

B,  and  nursed  by  ants  from  that  nest,  into  nest  A  at 
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10  A.M.  At  10.30  A.M.  they  were  quite  comfortable 
amongst  the  others.  At  11  a.m.  I  looked  again  and 
they  seemed  quite  at  home,  as  also  at  11.30  A.M.,  after 
which  I  looked  every  hour,  and  they  were  never  attacked. 
The  next  morning  I  found  them  peaceably  among  the 
other  ants. 

On  September  15  1  put  three  of  the  ants  which  had 
emerged  from  the  pupae  taken  out  of  nest  A,  and 
nursed  by  ants  from  that  nest,  and  put  them  into  nest 
B  at  1.30  P.M.  They  seemed  to  make  themselves  quite 
at  home.  I  looked  again  at  2.30  P.M.,  with  the  same 
result.  At  3.30  p.m.  I  could  only  find  two,  the  third 
having  no  doubt  been  cleaned,  but  no  ant  was  being 
attacked.  At  5.30  p.m.  they  were  no  longer  distin- 
guishable, but  if  any  one  was  being  attacked  we  must 
have  seen  it.  The  next  morning  they  all  seemed  quite 
peaceftil,  and  there  was  no  dead  ant  in  the  box.  I 
looked  again  on  the  I7th  and  19th,  but  could  not 
distinguish  them.  As,  however,  there  was  no  dead 
ant,  they  certainly  had  not  been  killed.  I  then  put  in 
a  stranger ;  she  was  soon  attacked  and  driven  out  of 
the  nest — showing  that,  as  usual,  they  would  not  tole- 
rate an  ant  whom  they  did  not  recognise  as  in  some 
way  belonging  to  the  community. 

Again,  on  April  10,  1881, 1  divided  a  two-queened 
nest  of  Formica  fusca,  leaving  a  queen  in  each  half. 
At  that  time  no  eggs  had  yet  been  laid,  and  of  course 
there  were  no  larvae  or  pupae.  In.  due  course  both 
queens  laid  eggs,  and  young  ants  were  brought  up  in 
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each  half  of  the  nest.  I  will  call  the  two  halves  as 
before  A  and  B. 

On  August  15,  at  9  A.M.,  I  put  three  of  the  young 
ants  from  A  into  B,  and  three  from  B  into  A.  At 
9.30  A.M.  none  were  attacked,  10  a.m.  ditto,  10.30  a.m. 
ditto.  One  was  being  cleaned ;  12  a.m.  ditto,  2  p.m. 
ditto.  In  fact,  they  seemed  quite  at  home  with  the 
other  ants.  The  next  morning  I  was  unable  to  recog- 
nise them,  the  paint  having  been  entirely  removed. 
The  ants  were  all  peaceably  together  in  the  nest,  and 
there  were  no  dead  ones  either  in  the  nest  or  in  the 
outer  box.  It  is  evident,  therefore,  that  they  had 
been  treated  as  friends. 

August  17. — I  put  in  three  more  from  B  into  A  at 
noon.  At  12.30  P.M.  they  were  with  the  other  ants; 
at  1  P.M.,  ditto,  at  2  p.m.  ditto,  at  3  pja.  ditto,  at 
5  P.M.  ditto.  The  following  morning  I  was  still  able 
to  recognise  them,  though  most  of  the  paint  had  been 
removed.  They  also  were  evidently  treated  as  part  of 
the  community. 

Septernber  19. — Put  in  three  more  from  A  into  B 
at  8.30  A.M.  I  looked  at  them  at  intervals  of  half  an 
hour,  but  none  of  them  were  attacked.  Next  morning 
there  was  no  ant  outside  the  nest,  nor  had  any  been 
killed. 

October  10. — ^Put  in  three  more  at  7  A.M.,  and 
looked  at  intervals  of  an  hour.  They  were  not  at- 
tacked, and  evidently  felt  themselves  among  friends. 
The  next  morning  I  was  still  able  to  recognise  two. 
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There  was  no  dead  ant  either  in  the  nest  or  the  outer 
box. 

Lastly,  on  October  15, 1  put  in  four  more  at  7  A.M., 
and  watched  them  all  day  at  short  intervals.  They 
exhibited  no  sign  of  fear,  and  were  never  attacked. 
In  fact,  they  made  themselves  quite  at  home,  and  were 
evidently,  like  the  preceding,  recognised  as  friends.  For 
the  sake  of  comparison  at  noon  I  again  put  in  a  stranger. 
Her  behaviour  was  in  marked  contrast.  The  preceding 
ants  seemed  quite  at  home,  walked  about  peaceably 
among  the  other  ants,  and  made  no  attempt  to  leave 
the  nest.  The  stranger,  on  the  contrary,  ran  uneasily 
about,  started  away  from  any  ant  she  met,  and  made 
every  effort  to  get  out  of  the  nest.  After  she  had 
three  times  escaped  from  the  nest,  I  put  her  back  with 
her  own  friends. 

Thus,  then,  when  a  nest  of  Formica  fusca  was 
divided  early  in  spring,  and  when  there  were  no  young, 
the  ants  produced  in  each  half  were  in  twenty-eight 
cases  all  received  as  friends.  In  no  case  was  there  the 
slightest  trace  of  enmity. 

These  observations  seem  to  me  conclusive  as  far  as 
they  go,  and  they  are  very  surprising.  In  the  previous 
experiments,  though  the  results  were  similar,  still  the 
ants  experimented  with  had  been  brought  up  in  the 
nest,  and  were  only  removed  after  they  had  become 
pupae.  It  might  therefore  be  argued  that  the  ants 
having  nursed  them  as  larvae,  recognized  them  when 
.they  came  to  maturity;  and  though  this  would  cer- 
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tainly  be  in  the  highest  degree  improbable,  it  could 
not  be  said  to  be  impossible.  In  the  present  case,, 
however,  the  old  ants  had  absolutely  never  seen  the 
young  ones  until  the  moment  when,  some  days  after 
arriving  at  maturity,  they  were  introduced  into  the 
nest ;  and  yet  in  twenty-one  cases  they  were  undoubt- 
edly recognised  as  belonging  to  the  community. 

It  seems  to  me,  therefore,  to  be  established  by 
these  experiments  that  the  recognition  of  ants  is  not 
personal  or  individual;  that  their  harmony  is  not 
due  to  the  fact  that  each  ant  is  individually  acquainted 
with  every  other  member  of  the  community. 

At  the  same  time,  the  feict  that  they  recognise 
their  friends  even  when  intoxicated,  and  that  they 
know  the  young  bom  in  their  own  nest  even  when 
they  have  been  brought  out  of  the  chrysalis  by 
strangers,  seems  to  indicate  that  the  recognition  is  not 
effected  by  means  of  any  sign  or  password. 
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CHAPTER  VIL 

POWER   OF  COMMUNICATION. 

The  Social  Hymenoptera,  according  to  Messrs.  Kirby 
and  Spence,^  *have  the  means  of  communicating  ta 
each  other  information  of  various  occurrences,  and  use 
a  kind  of  language  which  is  mutually  understood^ 
....  and  is  not  confined  merely  to  giving  intel- 
ligence of  the  approach  or  absence  of  danger ;  it  is 
also  co-extensive  with  all  their  other  occasions  for 
communicating  their  ideas  to  each  other.' 

Huber  assures  us  as  regards  Ants^  that  he  has 
*  frequently  seen  the  antennae  used  on  the  field  of 
battle  to  intimate  approaching  danger,  and  to  ascertain 
their  own  party  when  mingled  with  the  enemy  ;  they 
are  also  employed  in  the  interior  of  the  ant-hill  to 
apprise  their  companions  of  the  presence  of  the  sun,  sa 
favourable  to  the  development  of  the  larvae,  in  their 
excursions  and  emigrating  to  indicate  their  route,  in 
their  recruitings  to  determine  the  time  of  departure,^ 
&c.  Elsewhere  also  he  says  ^  *  that  should  an  Ant  fall 
in  with  any  of  her  associates  from  the  nest  they  put 
her  in  the  right  way  by  the  contact  of  their  antennae.' 

*  Introduction  to  Entomology,  ii.  p.  50.        *  Loc.  cit.  p.  206. 

•  Lod.  cit.  p.  167. 
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These  statements  are  most  interesting;  and  it  is 
much  to  be  regretted  that  he  has  not  given  us  in  detail 
the  evidence  on  which  they  rest.  In  another  passage, 
indeed,  he  himself  says,^  *  If  they  have  a  language,  I 
cannot  give  too  many  proofs  of  it.'  Unfortunately, 
however,  the  chapter  which  he  devotes  to  this  impor- 
tant subject  is  very  short,  and  occupied  with  general 
statements  rather  than  with  the  accounts  of  the  par- 
ticular experiments  and  observations  on  which  those 
statements  rest.  Nor  is  there  any  serious  attempt  to 
ascertain  the  nature,  character,  and  capabilities  of  this 
antennal  language.  Even  if  by  motions  of  these  organs 
Ants  and  Bees  can  caress,  can  express  love,  fear,  anger, 
&c.,  it  does  not  follow  that  they  can  narrate  facts  or 
describe  localities. 

The  facts  recorded  by  Kirby  and  Spence  are  not 
more  explicit.  It  is  therefore  disappointing  to  read  in 
the  chapter  especially  devoted  to  this  subject,  that,  as 
regards  the  power  possessed  by  Ants  and  Bees  to  com- 
municate and  receive  information,  *  it  is  only  necessary 
to  refer  you  to  the  endless  facts  in  proof,  furnished  by 
almost  every  page  of  my  letters  on  the  history  of  Ants 
dnd  of  the  Hive  Bee.  I  shall  therefore  but  detain  you 
for  a  moment  with  an  additional  anecdote  or  two, 
especially  with  one  respecting  the  former  tribe,  which 
is  valuable  from  the  celebrity  of  the  narrator.' 

The  first  of  these  anecdotes  refers  to  a  Beetle 
(Ateuchus  pilularius)  which,  having  made   for  the 

»  Zoc.  cit.  p.  206. 
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• 

Teception  of  its  eggs  a  pellet  of  dung  too  heavy  for  it 
to  move,  *  repaired  to  an  adjoining  heap  and  soon  re- 
turned with  three  of  his  companions.  All  four  now 
applied  their  united  strength  to  the  pellet,  and  at 
length  succeeded  in  pushing  it  out,  which  being  done, 
the  three  assistant  Beetles  left  the  spot  and  returned 
to  their  own  quarters.'  This  observation  rests  on  the 
authority  of  an  anonymous  German  artist ;  and  though 
we  are  assured  that  he  was  a  *  man  of  strict  veracity,' 
I  am  not  aware  that  any  similar  fact  has  been  recorded 
by  any  other  observer.  I  am  by  no  means  satisfied 
that  his  explanation  of  what  took  place  is  correct.  M. 
Fabre,^  in  his  interesting  observations,  places  the  facts 
in  a  very  diflFerent  light. 

The  second  case  is  related  by  Kalm,  on  the  authority 
of  Dr.  Franklin,  but  again  does  not  seem  to  me  to  justify 
the  conclusions  drawn  firom  it  by  Messrs.  Kirby  and 
Spence.  Dr.  Franklin  having  found  a  number  of  ants 
in  a  jar  of  treacle,  shook  them  out  and  suspended  the 
jar  *  by  a  string  from  the  ceiling.  By  chance  one  ant 
remained,  which,  after  eating  its  fill,  with  some  diffi- 
•culty  found  its  way  up  the  string,  and,  thence  reaching 
the  ceiling,  escaped  by  the  wall  to  its  nest.  In  less 
than  half  an  hour  a  great  company  of  ants  sallied  out 
of  their  hole,  climbing  the  ceiling,  crept  along  the 
string  into  the  pot  and  began  to  eat  again ;  this  they 
•continued  until  the  treacle  was  all  consumed,  one 
5warm  running  up  the  string  while  another  passed 
*  Sov/venirs  Entomologiques, 
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down.  It  seems  indisputable  that  the  one  ant  had  in 
this  instance  conveyed  news  of  the  booty  to  his  com- 
rades, who  would  not  otherwise  have  at  once  directed 
their  steps  in  a  body  to  the  only  accessible  route.'  ^ 

Elsewhere,  Messrs.  Kirby  and  Spence  say :  ^ — *  If  you 
scatter  the  ruins  of  an  ants'  nest  in  your  apartment,  you 
will  be  furnished  with  another  proof  of  their  language. 
The  ants  will  take  a  thousand  different  paths,  each  going 
by  itself,  to  increase  the  chance  of  discovery ;  they  will 
meet  and  cross  each  other  in  all  directions,  and  perhaps 
will  wander  long  before  they  can  find  a  spot  convenient 
for  their  reunion.  No  sooner  does  any  one  discover  a 
little  chink  in  the  floor  through  which  it  can  pass 
below  than  it  returns  to  its  companions,  and,  by  means 
of  certain  motions  of  its  antennae,  makes  some  of  them 
comprehend  what  route  they  are  to  pursue  to  find  it^ 
sometimes  even  accompanying  them  to  the  spot;, 
these,  in  their  turn,  become  the  guides  of  others,  till 
all  know  which  way  to  direct  their  steps.' 

Here,  however,  Messrs.  Kirby  and  Spence  do  not 
sufficiently  distinguish  between  the  cases  in  which  the 
ants  were  guided,  firom  those  in  which  they  were  directed 
to  the  place  of  safety.  It  is  obvious,  however,  that  the 
power  of  conmiunication  implied  in  the  latter  case  is 
much  greater  than  in  the  former. 

A  short  but  very  interesting  paper  by  Dujardin  on 
this  subject  is  contained  in  the  *  Annales  des  Sciences ' 
for  1852.     He  satisfied  himself  that  some  bees  which 
*  Imo.  cit.  p.  422.  *  Introd.  to  Entomology ^  vol.  ii  p.  6. 
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•came  to  honey  put  out  by  him  for  the  purpose  *  avaient  dft 
xecevoir  ans  la  ruche  un  avertissement  porte  pax  quel- 
ques-unes  de  celles  qui  etaient  venues  isolement,  soit  a 
dessein,  soit  pax  hasaxd.'  That  no  doubt  might  re- 
main, he  tried  the  following  experiment,  which  he  says, 
^me  parait  tout-a-fait  concluante.  Dans  Tepaisseur 
d'un  mux  lateral  £t  18  metres  de  distance  des  ruches  A 
et  B,  se  trouve  une  niche  pratiquee,  suivant  Tusage  du 
pays,  pour  constater  la  mitoyennete,  et  recouverte  pax 
un  treillage  et  pax  une  treille,  et  cachee  pax  diverses 
plantes  grimpantes.  J'y  introduisis,  le  16  novembre, 
ame  soucoupe  avec  du  sucre  leg^rement  humecte ;  puis 
j'allai  presenter  une  petite  baguette  enduite  de  sirop  k 
une  abeille  sortant  de  la  ruche.  Cette  abeille  s'etant 
cramponnee  a  la  baguette  pour  sucer  le  sirop,  je  la 
transportai  dans  la  niche  sur  le  sucre,  on  elle  resta  cinq 
ou  six  minutes  jusqu'a  ce  qu'elle^  se  fut  bien  gorgee ; 
elle  commenpa  alors  a  voler  dans  la  niche,  puis  defa  et 
dela  devant  le  treillage,  la  tete  toujours  toumee  vers  la 
niche,  et  enfin  elle  prit  son  vol  vers  la  ruche,  oil  elle 
reptra. 

*  Un  quart  d'heure  se  passa  sans  qu'il  revint  ime 
seule  abeille  a  la  niche ;  mais,  a  paxtix  de  cet  instant, 
elles  vinrent  successivement  au  nombre  de  trente,  ex- 
plorant  la  localite,  cherchant  I'entree  de  la  niche  qui 
avait  du  leur  6tre  indiquee,  et  ou  Podorat  ne  pouvait 
nullement  les  guider,  et,  a  leur  tour  v^rilGiant  avant  de 
retoumer  a  la  ruche,  les  signes  qui  leur  feraient  re- 
trouver  cette  pr&ieuse  localite  ou  qui   leur  permet- 
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traient  de  I'mdiquer  a  d'autres.  Tous  les  jours  suivant* 
les  abeilles  de  la  ruche  A  vinrent  plus  nombreuses  a 
la  niche  otl  j'avais  soin  de  renouveler  le  sucre  humect^^ 
et  pas  une  seule  de  la  ruche  B  n'eut  le  moindre 
soup^on  de  Texistence  de  ce  tr^sor  et  ne  vint  voler  de  ce 
cote.  II  ^tait  facile,  en  eflfet,  de  constater  que  le& 
premieres  se  dirigeaient  exclusivement  de  la  ruche  k  la 
niche,  et  reciproquement.' 

It  is  of  course  clear  from  these  observations  that 
the  ants  and  bees  accompanied  their  fortunate  fijends 
to  the  stores  of  food  which  they  had  discovered,  but 
this  really  does  not  in  itself  imply  the  possession  of  any 
great  intelligence. 

That  ants  and  bees  have  a  certain  power  of  com 
munication  cannot,  indeed,  be  doubted.  Several 
striking  cases  are  mentioned  by  M.  Forel.  For  in- 
stance, on  one  occasion  an  army  of  Amazon  ants 
{Polyergus  rufescena)  was  making  an  expedition  to 
attack  a  nest  of  F.  rufiba/rbis.  They  were  not,  how- 
ever, quite  acquainted  with  the  locality.  At  length  it 
was  discovered : — *  Aussitot,'  he  observes,  *  un  nouveau 
signal  fat  donn6,  et  toutes  les  amazones  s'^lancdrent 
dans  cette  direction.'  On  another  occasion  he  says : — 
*  Je  mis  un  gros  tas  de  T.  ccespitum  d'une  vaii^t^  de 
grande  taille  k  un  d&im6tre  d'un  des  nids  d'une 
colonic  de  Pheidole  pallidula.  En  un  clin  d'oeil 
I'alarme  fut  r^pandue,  et  des  centaines  de  Pheidole  se 
jet^rent  au-devant  de  I'ennemi.' 

The  species  of  CamponotuSj  when  alarmed,  *  non 
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seulement  se  frappent  vivement  et  a  coups  r^pet^s  les 
Tins  les  autres,  mais  en  meme  temps  ils  frappent  le  sol 
deux  ou  trois  fois  de  suite  avec  leur  abdomen,  et 
repetent  cet  acte  a  de  courts  intervalles,  ce  qui  pro- 
duit  un  bruit  tr6s  marque  qu'on  entend  surtout  bien 
lorsque  le  nid  est  dans  un  tronc  d'arbre.'  ^ 

It  would  even  seem,  according  to  M.  Forel,  that 
some  species  understand  the  signs  of  others.  Thus 
F.  sanguineaj  he  says,^  is  able  to  seize  *  Tinstant  oh 
les  pratensis  se  communiquent  le  signal  de  la  d^route, 
et  elles  savent  s'apprendre  cette  decouverte  les  unes 
aux  autres  avec  une  rapidity  incroyable.  Au  moment 
meme  ou  Ton  voit  les  pratensis  se  jeter  les  unes  contre 
les  autres  en  se  frappant  de  quelques  coups  rapides, 
puis  cesser  toute  resistance  et  s'enfuir  en  masse,  on 
voit  aussi'les  sangivinea  se  jeter  tout-li,-coup  au  milieu 
d'elles  sans  la  plus  petite  retenue,  mordant  k  droite  et  k 
gauche  comme  des  Polyergus^  et  arrachant  des  cocons 
de  toutes  les  praterisis  qui  en  portent.' 

M.  Forel  is  of  opinion  (p.  364)  that  the  different 
species  differ  much  in  their  power  of  communicating 
with  one  another.  Thus,  though  Polyergua  rufescena 
is  rather  smaller  than  F.  aanguinea^  it  is  generally 
victorious,  because  the  ants  of  this  species  understand 
one  another  more  quickly  than  those  of  F.  sangumea. 

These  statements  are  extremely  interesting,  and 
certainly  appear  to  imply  considerable  intelligence.. 
If,  however,  his  inferences  are  correct,  and  the  social 

*  Zoo,  oit,  p.  366.  *  Zoo.  cit.  p.  359. 
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Hymenoptera  axe  really  so  highly  gifted,  it  ought 
not  to  be  necessary  for  us  to  rely  on  accidental  observa- 
tions ;  we  ought  to  be  able  to  test  them  by  appropriate 
experiments. 

Those  which  I  have  made  with  reference  to  bees 
will  be  described  in  a  subsequent  chapter. 

Every  one  knows  that  if  an  ant  or  a  bee  in  the  course 
of  her  rambles  has  found  a  supply  of  food,  a  number  of 
others  will  soon  make  their  way  to  the  store.  This, 
however,  does  not  necessarily  imply  any  power  of  de- 
scribing localities.  A  very  simple  sign  would  suiBSce, 
and  very  little  intelligence  is  implied,  if  the  other  ants 
merely  accompany  their  friend  to  the  treasure  which  she 
has  discovered.  On  the  other  hand,  if  the  ant  or  bee 
can  describe  the  locality,  and  send  her  friends  to  the 
food,  the  case  is  very  different.  This  point,  therefore, 
seemed  to  me  very  important;  and  I  have  made  a 
number  of  observations  bearing  on  it. 

The  following  may  be  taken  as  a  type  of  what  hap- 
pens imder  such  circumstances.  On  June  12, 1874,  I 
put  a  Loams  niger,  belonging  to  a  nest  which  I  had 
kept  two  or  three  days  without  food,  to  some  honey. 
She  fed  as  usual,  and  then  was  returning  to  the  nest, 
when  she  met  some  friends,  whom  she  proceeded  to 
feed.  When  she  had  thus  distributed  her  stores,  she 
returned  alone  to  the  honey,  none  of  the  rest  coming 
with  her.  When  she  had  a  second  time  laid  in  a  stock 
of  food,  she  again  in  the  same  way  fed  several  ants  on 
her  way  towards  the  nest ;  but  this  time  five  of  those 
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SO  fed  returned  with  her  to  the  honey.  In  due  course 
these  five  would  no  doubt  have  brought  others,  and  so 
the  number  at  the  honey  would  have  increased. 

Some  species,  however,  act  much  more  in  association 
than  others — Ldsius  nigevj  for  instance,  much  more 
than  Formica  fusca. 

In  March  1877  I  was  staying  at  Arcachon.  It  was 
a  beautiful  and  very  warm  spring  day,  and  numerous 
specimens  of  Formica  fuaca  (PL  I,  fig.  3)  were 
<30ur8ing  about  on  the  flagstones  in  fi-ont  of  our 
hotel.  At  about  10.45  a.m.  I  put  a  raisin  down  before 
one  of  them.  She  immediately  began  licking  it, 
and  continued  till  11.2  A.M.,  when  she  went  off 
almost  straight  to  her  nest,  the  entrance  to  which  was 
about  twelve  feet  away.  In  a  few  minutes  she  came 
out  again,  and  reached  the  firuit,  after  a  few  wander- 
ings, at  about  11.18  a.m.  She  fed  till  11.30  A.M., 
when  she  returned  once  more  to  the  nest. 

At  11.45  another  ant  accidentally  found  the  fiiiit. 
I  imprisoned  her. 

At  11.50  the  first  returned,  and  fed  till  11.56,  when 
she  went  off  to  the  nest.  On  the  way  she  met  and 
talked  with  three  ants,  none  of  whom,  however,  came 
to  the  finiit.  At  12.7  she  returned,  again  alone,  to  the 
fruit. 

On  the  following  day  I  repeated  the  same  experi- 
ment. The  first  ant  weijt  backwards  and  forwards 
between  the  raisin  and  the  nest  for  several  hours,  but 
only  six  others  found  their  way  to  it. 
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The  details  of  this  observation  will  be  found  in  the^ 
Appendix. 

Again,  on  July  11,  1875, 1  put  out  some  pupae  in  a 
saucer,  and  at  5.55  p.m.  they  were  found  by  a  F.  fuscay 
who  as  usual  carried  ouq  oflf  to  the  nest. 

At  6  P.M.  she  returned  and  took  another.  Again? 
6.  1  «  „ 


6.  3 

JJ 

99 

6.  4 

>5 

99 

6.  6 

» 

99 

6.  6 

J> 

99 

6.  7 

5> 

99 

6.  8 

>J 

99 

6.  9 

99 

99 

6.10 

99 

99 

6.11 

99 

99 

6.12 

99 

99 

6.14 

99 

99 

6.15 

99 

99 

6.16 

99 

99 

6.17 

99 

99 

6.19 

99 

99 

6.20 

99 

99 

6.21 

99 

99 

6.23 

99 

99 

6.25 

99 

99 

6.27 

99 

59 

6.29 

99 

9* 

6.30 

99 

99 
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Again 


At  6.31  P.M. 

she  returned  and  took  another. 

6.33 

99 

» 

6.35 

j> 

5» 

•    6.36 

5» 

»> 

6.37 

» 

>5 

6.38 

JJ 

» 

6.40 

J» 

>» 

6.41 

» 

» 

6.45 

99 

» 

6.47 

» 

99 

6.49 

>» 

» 

6.50 

>> 

W 

6.51 

J> 

» 

6.52 

>> 

5> 

6.53 

» 

» 

6.55 

» 

» 

6.56 

>> 

» 

6.57 

>5 

» 

7.  0 

J> 

>> 

7.  1 

» 

>» 

7.  2 

5» 

» 

7.  6 

J> 

>» 

After  these  45  visits,  she  came  no  more  till  8  p.m.  ; 
but  when  I  returned  at  10  p.m.  I  found  all  the  pupae 
gone.  During  the  time  she  was  watched,  however,  she 
brought  no  other  ant  to  assist. 

I  also  made  similar  experiments  with  Myrmica 
rugmocUa  and  Lasiua  nigevy  imprisoning  (as  before) 
all  ants  that  came,  except  the  marked  ones,  and  with 

m2 


Digitized  by 


Google 


164 


EXPEEIMENTS  TO  TEST 


Fig.  3. 


similax   results.     The   details  will   be   found  in  the 

Appendix,  but  need  not  be  given  in  full  here. 

I  then  tried  the  following  experiment : — 

In  iGigure  3,  A  is  the  ants'   nest,  o  the  door  of 

the  nest.     M  is  the  section  of  a  pole  on  which  the 

whole   apparatus     is    supported,     b  is  a 

board  2  feet  long ;  c,  d,  e,  and  f  are  slips 

of  glass  connected  with   the   board  b  by 

narrow   strips  of  paper  G,   h,  i.    k  is  a 

movable   strip    of  paper,   1^   inch   long, 

connecting  the  glass  f  with  the  strip  h  ; 

and  L  is  another  movable  strip  of  paper, 

as  nearly  as  possible   similar,  connecting 

H  and  I.     On  each  of  the  slips  of  glass  c 

and  F  I  put  several  hundred  laxvsB  of  L. 

flavus.    The  object  of  the  larvae  on  c  was 

to  ascertain  whether,  under  such  circum- 

^  stances,  other  ants  would  find  the  larvae  acci 

dentally ;  and  I  may  say  at  once  that  none 

did  so.     I   then  put  an  ant  (a),  whom  I 

had  imprisoned  overnight,  to  the   larvae  on  f.     She 

took  one,   and,  knowing  her  way,  went  straight  home 

over  the  bridge    k   and   down  the   strip  H.    Now  it 

is  obvious  that  by  always   causing  the  marked  ant 

(a)  to  cross  the  bridge   k   on  a  particular   piece    of 

paper,  and  if  at  other  times  the  papers  K  and  L  were 

reversed,  I  should  be  able  to  ascertain  whether  other 

ants  who  came  to  the  larvae  had  had  the  direction 

and  position  explained  to  them ;  or  whether,  having  only 
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been  informed  by  a  of  the  existence  of  the  larvae,  they 
fonnd  their  way  to  them  by  tracking  a's  footsteps.  If  the 
former,  they  would  in  any  case  pass  over  the  bridge  K 
by  whichever  strip  of  paper  it  was  constituted.  On 
the  other  hand,  if  they  found  the  larvae  by  tracking, 
then  as  the  piece  of  paper  by  which  a  passed  was 
transferred  to  L,  it  would  mislead  them  and  carry  them 
away  from  the  larvae  to  I.  In  every  case,  then,  I  trans- 
posed the  two  papers  forming  the  little  bridges  as 
soon  as  the  ant  a  had  crossed  over  E  and  L. 

I  put  her  (November  7,  1875)  to  the  larvae  on  f 
at  6.15  A.M.  After  examining  them  carefully,  she  re- 
turned to  the  nest  at  6.34.  No  other  ants  were  out ; 
but  she  at  once  reappeared  with  four  friends  and 
reached  the  larvae  at  6.38.  None  of  her  friends,  how- 
ever, crossed  the  bridge ;  they  went  on  to  D,  wandered 
about,  and  returned  home.  A  returned  to  the  larvae  at 
6.47,  this  time  with  one  friend,  who  also  went  on  to  D 
and  returned  without  finding  the  larvae. 


7.  0. 

Ant  A 

to  larvae. 

7.  8 

»> 

.    .  *.  ,  ^  (went  over 
An  ant  at  7.10 

(     L  to  I. 

7.17 

>» 

with  a  friend,  who  at  7.21 

>» 

7.25 

J9 

[with  two  friends,] 
\   one  of  whom  at  J 

5? 

7.32 

99 

the  other  at  7.35 

>» 

with  a  friend  who 

7.39 

99 

■ 

went  on  to  D,  and 
then  at 

.     7.41 

»5 
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7.46  Ant  A 

to  larvae. 

7.55 

»5 

8.  3 

99 

8.  8 

99 

8.19 

»> 

8.24 

>> 

An  ant  at  7.42  leftover 

I     L  to  I. 


8.39 


5> 

7.47 

5> 

» 

7.48 

» 

>J 

7.54 

J5 

5> 

7.57 

>J 

9» 

9.10 

found    the 
larvae. 

» 

9.30  went  over  L 

to  I. 

8.50 

n 

9.12 

» 

9.22 

» 

9.40 

» 

9.47 

» 

9.55 

» 

10.35 

» 

At  10.35  I  imprisoned  her  till  12.30}  when  I  put  her 
again  to  the  larvae. 

12.48  back  to  larvae. 

12.55  5,  An  ant  at  12.58  went  over  L  to  i. 

1.  0  ,,  ,9  1.  1  ,,  „ 

1.15  95  99  1.10  „  „ 

1.20  99  99  1.13  99  ,9 

After  this  she  did  not  come  any  more.  During  the 
time  she  made9  therefore,  25  visits  to  the  larvae ;  21 
other  ants  came  a  distance  of  nearly  4  feet  from  the 
nest  and  up  to  the  point  of  junction  within  2  inches  of 
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the  larvae ;  but  only  one  passed  over  the  Kttle  bridge  to 
the  larvae,  while  15  went  over  the  bridge  L  to  I.  On 
repeating  this  experiment  with  another  marked  ant,  she 
herself  made  40  journeys,  during  which  19  other  ants 
found  their  way  to  the  point  of  junction.  Only  2  >7ent 
over  the  little  bridge  to  the  larvae,  8  went  over  L  to  t, 
and  the  remainder  on  to  D. 

In  another  similar  experiment  the  marked  ant  made 
16  journeys ;  and  during  the  same  time  13  other  ants 
came  to  the  point  of  junction.  Of  these  13,  6  went 
on  to  D,  7  crossed  over  L  to  i,  and  not  one  found  the 
larvae.  Thus  altogether,  out  of  92  ants,  30  went  on  to 
D,  51  crossed  over  in  the  wrong  direction  to  i,  and  only 
11  found  their  way  to  the  larvae. 

From  January  2  to  January  24  (1875)  I  made  a 
series  of  similar  observations ;  and  during  this  time  56 
ants  came  in  all.  Of  these,  20  went  straight  on  to 
D,  26  across  the  paper  to  i,  and  only  pig.  4. 

10  to  the  larvae.  ^ 

This,  I  think,  gives  strong  reason  to 
conclude  that,  under  such  circumstances, 
ants  track  one  another  by  scent. 

I  then  slightly  altered  the  arrange-  B 
ment  of  the  papers  as   shown  in  the 
accompanying  diagram  (fig.  4). 
before,  is  the  nest,  o  being  the 
B  is  the  board ;  A  is  a  glass  on  which 
are  placed  the  larvae ;  m  is  a  similar  glass,  but  empty ; 
n  a  strip  of  paper :  to  the  end  of  n  are  pinned  two 
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other  strips/  and  gy  in  such  a  manner  that  they  can  be- 
freely  turned  round,  so  that  each  can  be  turned  at  will 
either  to  A  or  m.  Under  ordinary  circumstances  the 
paper/,  as  in  the  figure,  was  turned  to  the  larvae ;  but 
whenever  any  ant,  excepting  the  marked  one,  came,  I 
turned  the  papers,  so  that  /  led  to  m  and  gr  to  A.  The 
result  was  striking,  and  I  give  the  observation  in  full 
in  the  Appendix.  In  all,  17  ants  came,  every  one  of 
whom  took  the  wrong  turn  and  went  to  m. 

Although  the  observations  above  recorded  seem  ta 
Fig.  5.  me  almost  conclusive,  still  I  varied  the 

experiments  once  more  (see  fig.  S)y 
making  the  connexion  between  the 
board  b  and  the  gla^s  containing  the 
larvae  by  three  separate  but  similar 
strips  of  paper,  d,  e,  and/,  as  shown  in 
the  figure.  Whenever,  however,  a 
strange  ant  came,  I  took  up  the  strip  f 
'"■'  and  rubbed  my  finger  over  it  two  or 
three  times  so  as  to  remove  any  scent,  and  then  re- 
placed it.  As  soon  as  the  stranger  had  reached  the 
paper  e,  I  took  up  the  strip  d,  and  placed  it  so  as  to 
connect  e  with  the  empty  glass  m.  Thus  I  escaped  the 
necessity  of  changing  the  paper  /,  and  yet  had  a  scented 
bridge  between  e  and  m.  The  details,  as  before,  are 
given  in  the  Appendix. 

In  this  experiment  the  bridge  over  which  the 
marked  ant  passed  to  the  larvae  was  left  in  its  place, 
the  scent,  however,  being  removed  or  obscured  by  the 
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friction  of  my  finger ;  on  the  other  hand,  the  bridge  (d) 
had  retained  the  scent,  but  was  so  placed  as  to  lead 
away  from  the  larvae ;  and  it  will  be  seen  that,  under 
these  circumstances,  out  of  41  ants  which  found  their 
way  towards  the  larvae  as  far  as  6,  14  only  passed  over 
the  bridge  /  to  the  larvae,  while  27  went  over  the 
bridge  d  to  the  empty  glass  m. 

Taking  these  observations  as  a  whole,  150  ants 
came  to  the  point  c,  of  which  21  only  went  on  to  the 
larvae,  while  95  went  away  to  the  empty  glass.  These 
experiments,  therefore,  seem  to  show  that  when  an 
ant  has  discovered  a  store  of  food  and  others  flock  to 
it,  they  are  guided  in  some  cases  by  sight,  while  in 
others  they  track  one  another  by  scent, 

I  then  varied  the  experiment  as  follows : — I  put  an 
ant  (i.  niger)  to  some  larvae  as  usual,  and  when  she  knew 
her  way,  I  allowed  her  to  go  home  on  her  own  legs ;  but 
as  soon  as  she  emerged  from  the  nest,  if  she  had  any 
friends  with  her,  I  took  her  up  on  a  bit  of  paper  and 
carried  her  to  the  larvae.  Under  these  circumstances  very 
few  ants  indeed  found  their  way  to  them.  Thus,  on  June 
23,  1876,  at  5.30,  an  ant  which  had  been  previously 
under  observation  was  put  to  some  larvae.  She  took 
one  and  returned  as  usual  to  the  nest.  At  5.34  she 
came  out  with  no  less  than  10  friends,  and  was  then 
transferred  to  the  larvae.  The  others  wandered  about  a 
little,  but  by  degrees  returned  to  the  nest,  not  one  of 
them  finding  their  way  to  the  larvae.  The  first  ant 
picked  up  a  larva,  returned,   and   again  came    out 
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of  the  nest  at  5.39  with  8  friends,  when  exactly 
the  same  thing  happened.  She  again  came  out  with 
companions  at  the  undermentioned  times : — 


HOM. 

Nmnber  of 
Friends. 

Hoar. 

Nombero 
Friends. 

5.44 

4 

6.44 

— 

5.47 

4 

6.46 

3 

5.49 

— 

6.49 

2 

5.52 

— 

6.56 

— 

5.54 

5 

6.59 

— 

5.57 

2 

7.  2 

2 

5.59 

2 

7.  4 

— 

6.  1 

5 

7.  6 

3 

6.  4 

1 

7.8 

3 

6.  7 

— 

7.10 

5 

6.11 

3 

7.13 

— 

6.14 

4 

7.17 

3 

6.17 

6 

7.19 

7 

6.20 

— 

7.21 

5 

6.23 

5 

7.24 

— 

6.25 

6 

7.26 

3 

6.29 

8 

7.29 

1 

6.32 

2 

7.31 

2 

6.35 

— 

7.36 

— 

6.42 

4 

Thus  during  these  two  hours  more  than  120  ants 
came  out  of  the  nest  in  company  with  the  one  under 
observation.     She  knew  her  way  perfectly ;  and  it  is 
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clear  that  if  she  had  been  left  alone,  all,  or  at  least 
most  of,  these  ants  would  have  accompanied  her  to  the 
«tore  of  larvae.  Three  of  them  were  accidentally 
allowed  to  do  so ;  but  of  the  remainder,  only  5  found 
their  way  to  the  larvae ;  all  the  others,  after  wandering 
about  a  while,  returned  hopelessly  to  the  nest. 

One  of  the  ants  which  I  employed  in  my  experi- 
ments was  under  observation  several  days.  I  was, 
however,  away  from  home  most  of  the  day,  and  when  I 
left  in  the  morning  and  went  to  bed  at  night  I  put  her 
in  a  bottle ;  but  the  moment  she  was  let  out  she  began 
to  work  again.  On  one  occasion  I  was  away  for  a  week, 
and  on  my  return  I  let  her  out  of  the  bottle,  placing 
her  on  a  little  heap  of  larvae  about  3  feet  from  the 
nest.  Under  these  circumstances  I  certainly  did  not 
expect  her  to  return.  However,  though  she  had  thus 
been  six  days  in  confinement,  the  brave  little  creature 
immediately  picked  up  a  larva,  carried  it  oflF  to  the 
nest,  and,  after  half  an  hour's  rest,  returned  for  another. 

I  conclude,  then,  that  when  large  numbers  of  ants 
come  to  food  they  follow  one  another,  being  also  to  a 
certain  extent  guided  by  scent.  The  fact,  therefore, 
does  not  imply  any  considerable  power  of  intercom- 
munication. There  are,  moreover,  some  other  circum- 
stances which  seem  to  show  that  their  powers  in  this 
respect  are  but  limited.  For  instance,  I  have  already 
mentioned  that  if  a  colony  of  Polyergus  changes  the 
situation  of  its  nest,  the  mistresses  are  all  carried  to 
the  new  one  by  the  slaves.     Again,  if  a  number  of  F. 
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fusca  are  put  in  a  box,  and  in  one  comer  a  dark  plac& 
of  retreat  is  provided  for  them  with  some  earth,  one  soon 
finds  her  way  to  it.  She  then  comes  out  again,  and  going- 
up  to  one  of  the  others,  takes  her  by  the  jaws.  The 
second  ant  then  rolls  herself  into  a  heap,  and  is  carried 
off  to  the  place  of  shelter.  They  then  both  repeat  the 
same  manoeuvre  with  other  ants,  and  so  on  until  all  their 
companions  are  collected  together.  Now  it  seems  to- 
me difficult  to  imagine  that  so  slow  a  course  would  be 
adopted  if  they  possessed  any  considerable  power  of 
descriptive  communication. 

On  the  other  hand,  there  can,  I  think,  be  no  doubt 
that  they  do  possess  some  power  of  the  kind. 

This  seems  to  me  clearly  shown  by  the  following^ 
observations.  In  order,  if  possible,  to  determine 
whether  the  ants  in  question  were  brought  to  the 
larvae,  or  whether  they  came  casually,  I  tried  (1875} 
the  following  experiments:  I  took  three  tapes,  each 
about  2  feet  6  inches  long,  and  arranged  them 
parallel  to  one  another  and  about  6  inches  apart.. 
One  end  of  each  I  attached  to  one  of  my  nests 
(i.  niger\  and  at  the  other  end  I  placed  a  small 
glass.  In  the  glass  at  the  end  of  one  tape  I  placed  a 
considerable  number  (300  to  600)  of  larvae.  In  the 
second  I  put  two  or  three  larv:©  only;  in  the  third 
none  at  all.  The  object  of  the  latt  was  to  see  whether 
many  ants  would  come  to  the  glasses  under  "juch  cir- 
cumstances by  mere  accident;  and  I  may  at  once  say 
that  but  few  did  so.      I  then  took  two  ants  and 
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placed  one  of  them  to  the  glass  with  many  larvae,  the 
other  to  that  with  two  or  three.  Each  of  them  took  a 
larva  and  carried  it  to  the  nest,  returning  for  another, 
and  so  on.  After  each  journey  I  put  another  larva  in 
the  glass  with  only  two  or  three  larvae,  to  replace  that 
which  had  been  removed.  Now,  if  other  ants  came 
under  the  above  circumstances  as  a  mere  matter  of 
accident,  or  accompanying  one  another  by  chance,  or 
if  they  simply  saw  the  larvae  which  were  brought  and 
consequently  concluded  that  they  might  themselves 
also  find  larvae  in  the  same  place,  then  the  numbers 
going  to  the  two  glasses  ought  to  be  approximately 
equal.  In  each  case  the  number  of  journeys  made  by 
the  ants  would  be  nearly  the  same ;  consequently,  if  it 
was  a  matter  of  scent,  the  two  glasses  would  be  in  the 
same  position.  It  would  be  impossible  for  an  ant, 
seeing  another  in  the  act  of  bringing  a  larva,  to  judge 
for  itself  whether  there  were  few  or  many  larvae  left 
behind.  On  the  other  hand,  if  the  friends  were 
brought,  then  it  would  be  curious  to  see  whether  more 
were  brought  to  the  glass  with  many  larvae,  than  to 
that  which  only  contained  two  or  three.  I  should  also 
mention  that,  excepting,  of  course,  the  marked  speci- 
mens, every  ant  which  came  to  the  larvae  was  im- 
prisoned until  the  end  of  the  experiment.  I  give  the 
details  in  the  Appendix. 

The  results  of  the  above  experiments  are  shown  at 
a  glance  in  the  following  Table : — 
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TahuUvr  View  of  Experiments  on  Power  of  Communication. 


GMass  with  many  larva 

Glass  with  one  or  two  lanr» 

Obser- 
yations 

Time 

No.  of 

No.  of 

Time 

No.  of 

No.  of 

oocapied 

jonmeys 

friends 

occupied 

joomeys 

friends 

hoars 

hoars 

1 

1 

7 

11 

2 

— 

— 

— 

1 

6 

0 

3 

— 

— 

— 

2 

13 

8 

4 

— 
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— 

3 

24 

5 

5 

3 

38 

22 

1 

10 

3 

6 

24 

32 

19 

7 

1 

5 

16 

8 

14 

11 

21 

3 

23 

2 

9 

.. 
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14 

7 

3 

10 

1 

15 

13 

2 

21 

1 

11 

2 

32 

20 

1 

11 

1 

12 

5 

26 

10 

13 

— 

— 

— 

5 

19 

1 

14 

— 

— 

— 

3 

20 

4 

16 

2* 

41 

3 

2 

5 

0 

16 

1 

10 

16 

% 

10 

2 

17 

*i 

53 

2 

40 

10 

18 

— 

— 

2 

20 

1 

19 

1 

11 

12 

20 







1 
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0 

21 

14 

20 

15 

u 

74 

27 

22 
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— 

25 

4 

23 

*4 

71 

7 

24 
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— 

2 

35 

4 

25 

2 

34 

3 

26 

14 

35 

21 

2 

18 

0 

27 

2 

37 

9 

14 

15 

0 

28 

14 

9 

10 

2 

14 

0 

29 

2 

37 

5 

14 

25 

3 

30 

14 

9 

10 

2 

14 

0 

31 

2 

37 

5 

14 

25 

3 

32 

2 

24 

7 

1 

7 

0 

33 

34 

43 

17 

34 

26 

1 

34 

1 

27 

28 

1 

18 

12 

35 

1 

14 

2 

1 

^     15 

9 

52 

678 

304 

594 

545 

.104 

It  must  be  admitted  that  this  mode  of  observing 
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is  calculated  to  increase  the  number  of  friends  brought 
by  the  ants  to  the  glass  with  only  2  or  3  larvae,  for 
several  reasons,  but  especially  because  in  many  cases 
an  ant  which  had  for  some  time  had  access  to  a  glass 
with  many  larvae  was  suddenly  deprived  of  it,  and  it 
might  well  be  that  some  time  elapsed  before  the 
change  was  discovered.  Some  stray  ants  would,  no 
doubt,  in  any  case  have  found  the  larvae;  and  we 
may  probably  allow  for  about  25  under  this  head. 
Again,  some  would,  no  doubt,  casually  accompany  their 
friends ;  if  we  allow  25  also  in  this  respect,  we  must 
deduct  50  from  each  side,  and  we  shall  have  254 
against  54.  Nevertheless,  even  without  any  allowances, 
the  results  seem  to  me  very  definite.  Some  of  the 
individual  cases,  especially  perhaps  experiments  9,  10, 
20,  21,  and  22  (see  Appendix),  are  very  striking ;  and, 
taken  as  a  whole,  during  52  hours,  the  ants  which  had 
access  to  a  glass  containing  numerous  larvae  brought  304 
friends ;  while  during  59  hours  those  which  were  visiting 
a  glass  with  only  2  or  3  larvae  brought  only  104  to 
their  assistance. 

jOne  case  of  apparent  communication  struck  me 
very  much.  I  had  had  an  ant  (i.  niger)  under  obser- 
vation one  day,  during  which  she  was  occupied  in 
carrying  oflF  larvae  to  her  nest.  At  night  I  imprisoned 
her  in  a  small  bottle  ;  in  the  morning  I  let  her  out  at 
6.15,  when  she  immediately  resumed  her  occupation. 
Having  to  go  to  London,  I  imprisoned  her  again  at 
9  o'clock.     When  I  returned  at  4.40, 1  put  her  again 
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to  the  laxvse.  She  examined  them  carefully,  but  went 
home  without  taking  one.  At  this  time  no  other  ants 
were  out  of  the  nest.  In  less  than  a  minute  she  came 
out  again  with  8  friends,  and  the  Kttle  troop  made 
straight  for  the  heap  of  larvae.  When  they  had  gone 
two-thirds  of  the  way,  I  again  imprisoned  the  marked 
ants ;  the  others  hesitated  a  few  moments,  and  then, 
with  curious  quickness,  returned  home.  At  5.15  I 
put  her  again  to  the  larvse.  She  again  went  home 
without  a  larva^  but,  after  only  a  few  seconds'  stay  in 
the  nest,  came  out  with  no  less  than  13  friends.  They 
all  went  towards  the  larvae ;  but  when  they  got  about 
two-thirds  of  the  way,  although  the  marked  ant  had 
on  the  previous  day  passed  over  the  ground  about  150 
times,  and  though  she  had  just  gone  straight  from 
the  larvae  to  the  nest,  she  seemed  to  have  forgotten 
her  way  and  wandered;  and  after  she  had  wandered 
about  for  half  an  hour,  I  put  her  to  the  larvae.  Now 
in  this  case  the  21  ants  must  have  been  brought  out 
by  my  marked  one ;  for  they  came  exactly  with  her, 
and  there  were  no  other  ants  out.  Moreover,  it  would 
seem  that  they  must  have  been  told,  because  Cwhich 
is  very  curious  in  itself)  she  did  not  in  either  case 
bring  a  larva,  and  consequently  it  cannot  have  been 
the  mere  sight  of  a  larva,  which  induced  them  to 
follow  her.  I  repeated  an  experiment  similar  to  this 
more  than  once. 

For  instance,  one  rather  cold  day,  when  but  few 
ants  were  out,  I  selected  a  specimen  of  AttOj  testaceo- 
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pilosay  belonging  to  a  nest  which  I  had  brought  back 
with  me  from  Algeria,  She  was  out  hunting  about 
six  feet  from  home,  and  I.  placed  before  her  a  large 
dead  bluebottle  fly,  which  she  at  once  began  to  drag 
to  the  nest.  I  then  pinned  the  fly  to  a  piece  of  cork, 
in  a  small  box,  so  that  no  ant  could  see  the  fly  imtil 
she  had  climbed  up  the  side  of  the  box.  The  ant 
struggled,  of  course  in  vain,  to  move  the  fly.  She 
pulled  first  in  one  direction  and  then  in  another,  but, 
finding  her  efforts  fruitless,  she  at  length  started  off  back 
to  the  nest  empty-handed.  At  this  time  there  were 
no  ants  coming  out  of  the  nest.  Probably  there  were 
some  few  others  out  hunting,  but  for  at  least  a  quarter 
of  an  hour  no  ant  had  left  the  nest.  My  ant  entered 
the  nest,  but  did  not  remain  there;  in  less  than  a 
minute  she  emerged  accompanied  by  7  friends.  I 
never  saw  so  many  come  out  of  that  nest  together 
before.  In  her  excitement  the  first  ant  soon  distanced 
her  companions,  who  took  the  matter  with  much  more 
scmg-froidy  and  had  all  the  appearance  of  having  come 
out  reluctantly,  or  as  if  they  had  been  asleep  and  were 
-only  half  awake.  The  first  ant  ran  on  ahead,  going 
straight  to  the  fly.  The  others  followed  slowly  and 
with  many  meanderings ;  so  slowly,  indeed,  that  for 
twenty  minutes  the  first  ant  was  alone  at  the  fly, 
trying  in  every  way  to  move  it.  Finding  this  still 
impossible,  she  again  returned  to  the  nest,  not  chancing 
to  meet  any  of  her  friends  by  the  way.  Again  she 
emerged  in  less  than  a  minute  with  8  friends,  and 
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hurried  on  to  the  fly.  They  were  even  less  energetie 
than  the  first  party ;  and  when  they  found  they  had 
lost  sight  of  their  guide,  they  one  and  all  returned  to- 
the  nest.  In  the  meantime  several  of  the  first  detach- 
ment had  found  the  fly,  and  one  of  them  succeeded  in 
detaching  a  leg,  with  which  she  returned  in  triumph 
to  the  nest,  coming  out  again  directly  with  4  or  5* 
companions.  These  latter,  with  one  exception,  soon 
gave  up  the  chase  and  returned  to  the  nest.  I  do  not 
think  so  much  of  this  last  case,  because  as  the  ant 
carried  in  a  substantial  piece  of  booty  in  the  shape  of 
the  fly's  leg,  it  is  not  surprising  that  her  friends  should 
some  of  them  accompany  her  on  her  return;  but 
surely  the  other  two  cases  indicate  a  distinct  power  of 
communication. 

Lest,  however,  it  should  be  supposed  that  the  result 
was  accidental,  I  determined  to  try  it  again.     Accord- 
ingly on  the  following  day  I  put  another  large  dead  fly 
before  an  ant  belonging  to  the  same  nest,  pinning  it 
to  a  piece  of  cork  as  before.     After  trying  in  vain  for 
ten  minutes  to  move  the  fly,  my  ant  started  off  home^ 
At  that  time  I  could  only  see  two  other  ants  of  that 
species  outside  the  nest.     Yet  in  a  few  seconds,  con« 
siderably  less  than  a  minute,  she  emerged  with  no  less^ 
than  12  friends.     As   in  the  previous  case,  she  ran 
on  ahead,  and  they  followed  very  slowly  and  by  no 
means  directly,  taking,  in  fact,  nearly  half  an  hour  to 
reach  the  fly.     The  first  ant,  after  vainly  labouring  for 
about  a  quarter  of  an  hour  to  move  the  fly,  started  off 
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again  to  the  nest.  Meeting  one  of  her  firiends  on  the 
way  she  conversed  with  her  a  little,  then  continued 
towards  the  nest,  but,  after  going  about  a  foot,  changed 
her  mind,  and  returned  with  her  fnend  to  the  fly. 
After  some  minutes,  during  which  two  or  three  other 
ants  came  up,  one  of  them  detached  a  leg,  which  she 
carried  off  to  the  nest,  coining  out  again  almost  immedi- 
ately with  six  friends,  one  of  whom,  curiously  enough, 
seemed  to  lead  the  way,  tracing  it,  I  presume,  by  scent. 
I  then  removed  the  pin,  and  they  carried  off  the  fly  in 
triumph. 

Again,  on  June  15,  1878,  another  ant  belonging  to 
the  same  nest  had  found  a  dead  spider,  about  the  same 
distance  from  the  nest.  I  pinned  down  the  spider  as 
before.  The  ant  did  all  in  her  power  to  move  it ;  but 
after  trying  for  twelve  minutes,  she  went  off  to  the  nest. 
Although  for  a  quarter  of  an  hour  no  other  ant  had  left 
the  nest,  yet  in  a  few  seconds  she  came  out  again  with 
10  companions.  As  in  the  preceding  case,  they  followed 
very  leisurely.  She  ran  on  ahead  and  worked  at  the 
spider  for  ten  minutes ;  when,  as  none  of  her  friends 
had  arrived  to  her  assistance,  though  they  were  wan- 
dering about,  evidently  in  search  of  something,  she 
started  back  home  again.  In  three  quarters  of  a 
minute  after  entering  the  nest  she  reappeared,  this 
time  with  15  friends,  who  came  on  somewhat  more 
rapidly  than  the  preceding  batch,  though  still  but 
slowly.  By  degrees,  however,  they  all  came  up,  and 
after  most  persevering   efforts  carried  off  the  spider 
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piecemeal.  On  July  7, 1  tried  the  same  experiment 
with  a  soldier  of  Pheidole  Tnegacephala.  She  pulled 
at  the  fly  for  no  less  than  fifty  minutes,  after  which  she 
went  to  the  nest  and  brought  five  friends  exactly  as 
the  Atta  had  done. 

In  the  same  way,  one  afternoon  at  6.20  I  presented 
a  slave  of  Polyergus  with  a  dead  fly  pinned  down. 
The  result  was  quite  diflferent.  My  ant  pulled  at  the 
fly  for  twenty-five  minutes,  when,  as  in  the  previous 
cases,  she  returned  to  the  nest.  There  she  remained 
four  or  five  minutes,  and  then  came  out  again  alone, 
returned  to  the  fly,  and  again  tried  to  carry  it  off". 
After  working  jfruitlessly  for  between  twenty  and  twenty- 
five  minutes,  she  again  went  back  to  the  nest,  staying 
there  four  or  five  minutes,  and  then  returning  by  her- 
self to  the  fly  once  more.  I  then  went  away  for  an 
hour,  but  on  my  return  found  her  still  tugging  at  the 
fly  by  herself.  One  hour  later  again  I  looked,  with  the 
same  result.  Shortly  afterwards  another  ant  wandering 
about  foimd  the  fly,  but  obviously,  as  it  seemed  to  me, 
by  accident. 

At  3  o'clock  on  a  subsequent  day  I  again  put  a  dead 
fly  pinned  on  to  a  bit  of  cork  before  a  Formica  fuaca^ 
which  was  out  hunting.  She  tried  in  vain  to  carry  it  off^, 
ran  round  and  round,  tugged  in  every  direction,  and  at 
length  at  ten  minutes  to  four  she  returned  to  the  nest : 
very  soon  after  she  reappeared  preceded  by  one  and 
followed  by  two  friends ;  these,  however,  failed  to  dis- 
cover the  fly,  and  after  wandering  about  a  little  returned 


Digitized  by 


Google 


EXPERIMENT  WITH  FORMICA.  181 

to  the  nest.  She  then  set  again  to  work  alone,  and  in 
about  forty  minutes  succeeded  in  cutting  oflf  the  head 
of  the  fly,  which  she  at  once  carried  into  the  nest.  In 
a  little  while  she  came  out  again,  this  time  accompanied 
by  five  friends,  all  of  whom  found  their  way  to  the  fly ; 
one  of  these,  having  cut  oflf  the  abdomen  of  the  fly, 
took  it  into  the  nest,  leaving  three  of  her  companions 
to  bring  in  the  remainder  of  their  prey.* 

These  experiments  certainly  seem  to  indicate  the 
possession  by  ants  of  something  approaching  to  lan- 
guage. It  is  impossible  to  doubt  that  the  friends  were 
brought  out  by  the  first  ant;  and  as  she  returned 
empty-handed  to  the  nest,  the  others  cannot  have  been 
induced  to  follow  her  merely  by  observing  her  proceed- 
ings. In  face  of  such  facts  as  these,  it  is  impossible 
not  to  ask  ourselves  how  far  are  ants  mere  exquisite 
automatons  ;  how  far  are  they  conscious  beings  ?  When 
we  see  an  ant-hill,  tenanted  by  thousands  of  industrious 
inhabitants,  excavating  chambers,  forming  tunnels, 
making  roads,  guarding  their  home,  gathering  food, 
feeding  the  young,  tending  their  domestic  animals, 
— each  one  ftdfilling  its  duties  industriously,  and 
without  confusion, — ^it  is  diflScult  altogether  to  deny 
to  them  the  gift  of  reason ;  and  the  preceding  observa- 
tions tend  to  confirm  the  opinion  that  their  mental 
powers  differ  from  those  of  men,  not  so  much  in  kind 
as  in  degree. 
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CHAPTER  VIII. 

ON  THE  SENSES  OF  ANTS. 

The  Sense  of  Vision. 

It  is,  I  think,  generally  assumed  not  only  that  the  world 
really  exists  as  we  see  it,  but  that  it  appears  to  other 
animals  pretty  much  as  it  does  to  us.  A  little  con- 
sideration, however,  is  sufficient  to  show  that  this  is 
very  far  from  being  certain,  or  even  probable. 

In  the  case  of  insects,  moreover,  the  mode  of  vision 
is  still  an  enigma.  They  have,  at  least  many  of  them 
have,  a  large  compoimd  eye  on  each  side ;  and  ocelli, 
generally  three  in  number,  situated  on  the  summit  of 
the  head.  The  compound  eyes  consist  of  a  number  of 
facets,  each  situated  at  the  summit  of  a  tube,  to  the 
base  of  which  runs  a  fibre  of  the  optic  nerve. 

The  structure  of  the  ocellus  and  that  of  the  com- 
pound eye  are  essentially  diflferent,  and  it  does  not  seem 
possible  that  either  the  ocellus  should  be  derived  from 
the  compound  eye,  or  the  compound  eye  from  the  ocel- 
lus. On  the  contrary,  both  seem  to  point  back  to 
a  less  developed  ancestral  type.  Starting  from  such  an 
origin,  an  increase  of  the  separate  elements  and  an  im- 
provement of  the  lens  would  lead  to  the  ocellus,  while 
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an  increase  of  the  number  of  eyes  would  bring  us  to 
the  compound  eye. 

On  the  other  hand,  it  must  be  admitted  that  there 
are  reasons  for  considering  the  different  kinds  of  eyes 
to  be  of  perfectly  distinct  origin.  The  eye  of  Limulus, 
according  to  Grenacher,  is  formed  on  a  plan  quite 
unlike  that  of  other  Crustacea.  Again,  the  develop- 
ment of  the  eye  in  Musca^  to  judge  from  Weismann's 
observations,  is  very  dissimiliar  from  that  of  other 
insects.  The  varied  position  of  the  eye  in  different 
groups,  as,  for  instance,  in  Pecten^  Spondylus, 
Euphausia,  OnchidiuTn^  &c.,  point  to  the  same  con- 
<;lusion. 

It  seems  clear  that  the  image  produced  by  the 
ocelli  must  be  altogether  different  from  the  picture 
given  by  the  compound  eyes;  and  we  may  therefore 
reasonably  conclude  that  the  two  organs  have  distinct 
functions.  It  used  formerly  to  be  supposed  that  the 
compound  eyes  were  intended  for  distant,  the  ocelli  for 
near  vision.  ClaparMe,  however,  has  maintained  the 
opposite  theory,  while  Mr.  Lowne  regards  the  ocelli  as 
incapable  of  producing  *  anything  worthy  the  name  of 
an  image,'  and  suspects  that  their  function  *is  the 
perception  of  the  intensity  in  the  direction  of  light, 
rather  than  vision.' 

The  ocelli,  or  simple  eyes,  probably  see  in  the  same 
manner  as  ours  do.  That  is  to  say,  the  lens  throws  an 
image  on  the  back  of  the  eye,  which  we  call  the  retina. 
In  that  case  they  would  see  everything  really  reversed, 
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as  we  do ;  though  long  practice  has  given  us  the  right 
impression.  The  simple  eye  of  insects  thus  resembles 
ours  in  this  respect. 

As  regards  the  mode  of  vision  of  the  compound  eyes^ 
there  are  two  distinct  theories.  According  to  one-  - 
the  mosaic  theory  of  Miiller— each  facet  takes  in  only 
a  small  portion  of  the  field ;  while  according  to  the 
other,  each  facet  acts  as  a  separate  eye. 

This  latter  view  has  been  maintained  by  many  high 
authorities,  but  it  is  difficult  to  understand  how  so 
many  images  could  be  combined  into  one  picture.  Some 
insects  have  more  than  20,000  facets  on  each  side  of 
their  head.  No  ants,  indeed,  have  so  many,  but 
in  some — as,  for  instance,  in  the  males  of  Formica 
praterisis -- there  are  not  less  than  1,000.  The  theory, 
moreover,  presents  some  great  anatomical  difficulties. 
Thus,  in  certain  cases  there  is  no  lens,  and  conse- 
quently there  can  be  no  image  ;  in  some  it  would  seem 
that  the  image  would  be  formed  completely  behind  the 
eye,  while  in  others  again  it  would  be  in  front  of  the 
receptive  surface.  Another  difficulty  is  that  any  true 
projection  of  an  image  would  in  certain  species  be  pre- 
cluded by  the  presence  of  impenetrable  pigment,  which 
only  leaves  a  minute  central  passage  for  the  light-rays. 
Again,  it  is  urged  that  even  the  sharpest  image  would 
be  useless,  from  the  absence  of  a  suitably  receptive 
surface;  since  the  structure  of  the  receptive  surface 
corresponding  to  each  facet  seems  to  preclude  it  from 
receiving  more  than  a  single  impression. 
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The  prevailing  opinion  of  entomologists  now  is  that 
each  facet  receives  the  impression  of  one  pencil  of  rays ; 
so  that,  in  fact,  the  image  formed  in  a  compound  eye 
is  a  sort  of  mosaic. 

On  the  other  hand,  this  theory  itself  presents 
great  difficulties.  Those  ants  which  have  very  few 
facets  must  have  an  extremely  imperfect  vision. 
Again,  while  the  image  produced  on  the  retina  of  the 
ocellus  must  of  course  be  reversed  as  in  our  own  eyes  ;^ 
in  the  compound  eyes,  on  the  contrary,  the  vision  would,, 
on  this  theory,  be  direct.  That  the  same  animal  should 
see  some  things  directly,  and  others  reversed ;  and  yet 
obtain  definite  conceptions  of  the  outer  world,  would 
certainly  be  very  remarkable. 

In  fact,  these,  so  far  fortunate,  insects  realise  the 
epigram  of  Plato — 

Thou  lookest  on  the  stars,  my  love, 

Ah,  would  that  I  could  be 
Yon  starry  skies,  with  thousand  eyes 

That  I  might  look  on  thee ! 

But  if  the  male  of  F,  prateTiais  sees  1,000  queens 
at  once,  when  only  one  is  really  present,  this  would 
seem  to  be  a  bewildering  privilege,  and  the  prevailing 
opinion  among  entomologists  is,  as  already  mentioned, 
that  each  facet  only  takes  in  a  portion  of  the  object. 

But  while  it  is  difficult  to  understand  how  ants  see, 
it  is  clear  that  they  do  see. 

From  the  observations  of  Sprengel  there  could  of 
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course  be  little,  if  any,  doubt,  that  bees  are  capable  of 
distinguishing  colours;  and  I  have  proved  experi- 
mentally that  this  is  the  case.  Under  these  circum- 
stances, I  have  been  naturally  anxious  to  ascertain, 
if  possible,  whether  the  same  holds  good  with  ants. 
I  have,  however,  found  more  difficulty  in  doing  so 
because,  as  shown  in  the  observations  just  recorded, 
ants  find  their  food  so  much  more  by  smell  than  by 
sight. 

This  being  so,  I  could  not  apply  to  ants  those 
tests  which  had  been  used  in  the  case  of  bees. 
At  length,  however,  it  occurred  to  me  that  I 
might  utilize  the  dislike  which  ants,  when  in  their 
nests,  have  to  light.  Of  course  they  have  no  such 
feeling  when  they  are  out  in  search  of  food ;  but  if 
light  is  let  in  upon  their  nests,  they  at  once  hurry 
about  in  search  of  the  darkest  comers,  and  there  they 
all  congregate.  If,  for  instance,  I  uncovered  one  of 
my  nests  and  then  placed  an  opaque  substance  over  one 
portion,  the  ants  invariably  collected  in  the  shaded  part. 

I  procured,  therefore,  four  similar  strips  of  glass, 
coloured  respectively  green,  yellow,  red,  and  blue,  or, 
rather,  violet.  The  yellow  was  rather  paler  in  shade, 
and  that  glass  consequently  rather  more  transparent 
than  the  green,  which,  again,  was  rather  more  trans- 
parent than  the  red  or  violet.  I  also  procured  some 
coloured  solutions. 

Prof.  Dewar  was  kind  enough  to  test  my  glasses 
and  solutions  with  reference  to  their  power  of  trans- 
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emitting  colour.  Taking  the  wave-length  of  the  ex- 
^eme  visible  red  as  760  and  that  of  the  extreme 
idolet  as  397,  we  have 

760  to  647  give  red. 
647  „  585     „    orange. 
585  „  575     „    yellow. 
575  „  497     „    green. 
497  „  455    „    blue. 
445  „  397     „    violet. 
The  result  of  his  examination  of  my  glasses  and 
^solutions  was  as  follows : — 

The  lighi>-yellow  glass  cut  oflf  the  high  end  down 

to  wave-length  442. 
The  dark-yellow  glass  cut  oflf  the  high  end  down 

to  wave-length  493. 
The  green  glass  cut  oflf  the  high  end  down  to  wave- 
length 465,  and  also  the  red  to  616. 
The  red  glass  cut  oflf  the  high  end  down  to  wave- 
length 582. 
The  violet  glass  cut  oflf  the  orange  and  yellow  from 
wave-length  684  to  583,  and  a  band   between 
wave-lengths  543  and  516. 
The  purple  glass  cut   oflf  the  high  end  down  to 

wave-length  528. 
The  solution  of  chromate  of  potash  cut  oflf  th^ 

high  end  to  507. 
The  saflfron  cut  oflf  the  high  end  to  about  473. 
The  blue  fluid  cut  oflf  the  low  end  to  516. 
The  red  fluid  cut  oflf  the  high  end  to  596. 
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I  then  (July  15,  1876)  laid  the  strips  of  glass  on 
one  of  my  nests  of  Formica  fuacay  containing  about 
170  ants.  These  ants,  as  I  knew  by  many  previous 
observations,  seek  darkness,  at  least  when  in  the  nest^ 
and  would  collect  in  the  darkest  part.  I  then,  after 
counting  the  ants  under  each  strip,  moved  the  glasses,, 
at  intervals  of  about  half  an  hour,  so  that  each  should 
by  turns  cover  the  same  portion  of  the  nest.  The 
results  were  as  follows — the  numbers  indicating  the 
approximate  numbers  of  J^nts  under  each  glass  (there 
were  sometimes  a  few  not  under  any  of  the  strips  of 
glass) : — 


1. 

Green. 

Yellow. 

Red. 

Violet. 

50 

40 

80 

0 

2. 

Violet. 

Green. 

Yellow. 

Hed. 

0 

20 

40 

100 

3. 

Bed. 

Violet. 

Green. 

Yellow. 

60 

0 

50 

50 

4. 

Yellow. 

Ked. 

Violet. 

Green. 

50 

70 

1 

40 

5. 

Green. 

Yellow. 

Red. 

Violet. 

30 

30 

100 

0 

6. 

Violet. 

Green. 

Yellow. 

Red. 

0 

14 

5 

140 

7. 

Red.   . 

Violet. 

Green. 

YeUow. 

50 

0 

40 

70 

8. 

Yellow. 

Eed. 

Violet. 

Green. 

40 

50 

1 

70 
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9. 

Green. 

Yellow. 

Red. 

Violet. 

60 

35 

65 

0 

10. 

Violet. 

Green. 

Yellow. 

Red. 

1 

50 

40 

70 

11. 

Bed. 

Violet. 

Green. 

Yellow. 

50 

2 

50 

60 

12. 

YeUow. 

Ked. 

Violet. 

Green. 

35 

55 

0 

70 

Adding  these  numbers  together,  there  were,  in  the 
twelve  observations,  under  the  red  890,  under  the 
green  544,  under  the  yellow  495,  and  under  the  violet 
only  5.  The  difference  between  the  red  and  the  green 
is  very  striking,  and  would  doubtless  have  been  more 
so,  but  for  the  fact  that  when  the  colours  were  trans- 
posed the  ants  which  had  collected  under  the  red 
sometimes  remained  quiet,  as,  for  instance,  in  cases 
7  and  8.  Again,  the  difference  between  the  green  and 
yellow  would  have  been  still  more  marked  but  for  the 
fact  that  the  yellow  always  occupied  the  position  last 
held  by  the  red,  while,  on  the  other  hand,  the  green 
had  some  advantage  in  coming  next  the  violet.  In 
considering  the  difference  between  the  yellow  and 
green,  we  must  remember  also  that  the  green  was 
decidedly  more  opaque  than  the  yellow. 

The  case  of  the  violet  glass  is  more  marked  and 
more  interesting.  To  our  eyes  the  violet  was  as  opaque 
as  the  red,  more  so  than  the  green,  and  much  more  so 
than  the  yellow      Yet,  as  the  numbers  show,  the  ants 


Digitized  by 


Google 


190        EXPEEIMENTS  WITH  COLOURED  GLASSES. 

had  scarcely  any  tendency  to  congregate  under  it^ 
There  were  nearly  as  many  under  the  same  area  of  the 
uncovered  portion  of  the  nest  as  under  that  shaded  by 
the  violet  glass. 

Laaiua  fiavus  also  showed  a  marked  avoidance  of 
the  violet  glass. 

I  then  experimented  in  the  same  way  with  a  nest 
of  Formica  fusca^  in  which  there  were  some  pupae, 
which  were  generally  collected  in  a  single  heap.  I 
used  glasses  coloured  dark  yellow,  dark  green,  light 
yellow,  light  green,  red,  violet,  and  dark  purple.  The 
colours  were  always  in  the  preceding  order,  but,  as 
before,  their  place  over  the  nest  was  changed  after 
every  observation. 

To  our  eyes  the  purple  was  almost  black,  the  violet 
and  dark  green  very  dark  and  quite  opaque ;  the  pupae 
could  be  dimly  seen  through  the  red,  rather  more 
clearly  through  the  dark  yellow  and  light  green,  while 
the  light  yellow  were  almost  transparent.  There  were 
about  50  pupae,  and  the  light  was  the  ordinary  diffused 
daylight  of  summer. 

These  observations  showed  a  marked  preference  for 
the  greens  and  yellows.  The  pupae  were  6^  times 
under  dark  green,  3  under  dark  yellow,  3^  under  red, 
and  once  each  under  light  yellow  and  light  green,  the 
violet  and  purple  being  altogether  neglected. 

I  now  tried  the  same  ants  under  the  same  colours, 
but  in  the  sun ;  and  placed  a  shallow  dish  containing 
some  10  per  cent,  solution  of  alum   sometimes   over 
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the  yellow,  sometimes  over  the  red.  I  also  put  four 
thicknesses  of  violet  glass,  so  that  it  looked  almost 
black. 

Under  these  circumstances,  the  pupae  were  placed 
under  the  red  7  times,  dark  yellow  5,  once  they 
were  half  under  each,  but  never  under  the  violet, 
purple,  light  yellow,  dark  or  light  green. 

The  following  day  I  placed  over  the  eame  nest,  in 
the  sun,  dark  green  glass,  dark  red,  and  dark  yellow. 
In  nine  observations  the  pupae  were  carried  three  times 
under  the  red  and  nine  times  under  the  yellow. 

I  then  tried  a  similar  series  of  experiments  with 
Loams  niger^  using  a  nest  in  which  were  about 
40  pupae,  which  were  generally  collected  in  a  single 
heap  all  together.  As  before,  the  glasses  were  moved 
in  regular  order  after  each  experiment ;  and  I  arranged 
them  so  that  the  violet  followed  the  red.  As  far, 
therefore,  as  position  was  concerned,  this  gave  violet 
rather  the  best  place.  The  glasses  used  were  dark 
violet,  dark  red,  dark  green,  and  yellow,  the  yellow 
being  distinctly  the  most  transparent  to  our  eyes. 
Experiment  Experiment 


1.  Pupae  under 

yellow. 

8. 

Pap 

3e  under  green. 

2. 

» 

9. 

j> 

red. 

3.            „ 

» 

10. 

» 

yellow. 

4. 

95 

11. 

» 

red. 

5.            „ 

99 

12. 

j> 

yellow. 

6.            „ 

J> 

13. 

j> 

99 

7. 

green. 

14. 

j> 

red. 
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Experiment 

Experiment 

15. 

Pupae  under  green. 

24. 

Pupae  under  red. 

16. 

J5 

55 

25. 

55 

yellow. 

17. 

95 

yellow. 

26. 

55 

red. 

18. 

55 

55 

27. 

55 

55 

19. 

55 

red. 

28. 

55 

55 

20. 

55 

95 

29. 

55 

55 

21. 

55 

yellow. 

30. 

55 

yellow. 

22. 

55 

55 

31. 

55 

red. 

23. 

55 

55 

32. 

55 

green. 

I  now  put  two  extra  thicknesses  of  glass  over  the 
red  and  green. 

37.  Pupae  under  red. 

38.  „  „ 

39.  „  yellow. 

40.  „  red. 


33.  Pupae  under  red. 

34.  „  yellow. 

35.  „  red. 

36.  „  yellow. 


The  result  is  very  striking,  and  in  accordance  with 
the  observations  on  Formica  fuaca.  In  40  experi- 
ments the  pupae  were  carried  under  the  yellow  19 
times,  under  the  red  16  times,  and  under  the  green  5 
times  only,  while  the  violet  was  quite  neglected. 
After  the  first  twenty  observations,  however,  I  removed 
it. 

I  then  tried  a  nest  of  Gremaatogaste'^  scutellaris 
with  violet  glass,  purple  glass,  and  red,  yellow,  and 
green  solutions,  formed  resx^ectively  with  fnchsine, 
bichromate  of  potash,  and  chloride  of  copper.  The 
purple  looked  almost  black,  the  violet  very  dark ;  the 
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red  and  green,  on  the  contrary,  very  transparent,  and 
the  yellow  even  more  so.  The  yellow  was  not  darker 
than  a  tincture  of  safi&on.  The  latter  mdeed,  to  my 
eye,  scarcely  seemed  to  render  the  insects  under  them 
at  all  less  apparent ;  while  under  the  violet  and  purple 
I  could  not  trace  them  at  all.  I  altered  the  relative 
positions  as  before..  The  nest  contained  about  50 
larvae  and  pupse. 

I  made  thirteen  trials,  and  in  every  case  the  larvae 
and  pupae  were  brought  under  the  yellow  or  the  green 
— never  once  under  any  of  the  other  colours. 

Again,  over  a  nest  of  Formica  fusca  containing 
about  20  pupae  I  placed  violet  glass,  purple  glass,  a 
weak  solution  of  fuchsine  (carmine),  the  same  of 
chloride  of  copper  (green),  and  of  bichromate  of  potash 
(yellow,  not  darker  than  saffron). 

I  made  eleven  trials,  and  again,  in  every  case  the 
pupae  were  brought  under  the  yellow  or  the  green. 

I  then  tried  a  nest  of  Laaiua  fiavua  with  the 
purple  glass,  violet  glass,  very  weak  bichromate  of 
potash,  and  chloride  of  copper  as  before. 

With  this  species,  again,  the  results  were  the  same 
as  in  the  previous  cases. 

In  all  these  experiments,  therefore,  the  violet  and 
purple  light  affected  the  ants  much  more  strongly  than 
the  yellow  and  green. 

It  is  curious  that  the  coloured  glasses  appear  to 
act  on  the  ants  (speaking  roughly)  as  they  would,  or, 
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I  should  rather  say,  inversely  as  they  would,  on  a 
photographic  plate.  It  might  even  be  alleged  that  the 
avoidance  of  the  violet  glass  by  the  ants  was  due  to  their 
preferring  rays  transmitted  by  the  other  glasses.  From 
the  habits  of  these  insects  such  an  explanation  would  be 
very  improbable.  If,  however,  the  preference  for  the 
other  coloured  glasses  to  the  violet  was  due  to  the  trans- 
mission and  not  to  the  absorption  of  rays — ^that  is  to 
say,  if  the  ants  went  under  the  green  rather  than  the 
violet  because  the  green  transmitted  rays  which  were 
agreeable  to  the  ants,  and  which  the  violet  glass,  on 
the  contrary,  stopped — ^then,  if  the  violet  was  placed 
over  the  other  colours,  they  would  become  as  distasteful 
to  the  ants  as  the  violet  itself.  On  the  contrary,  how- 
ever, whether  the  violet  glass  was  placed  over  the  others 
or  not,  the  ants  equally  readily  took  shelter  under  them. 
Obviously,  therefore,  the  ants  avoid  the  violet  glass 
because  they  dislike  the  rays  which  it  transmits. 

But  though  the  ants  so  markedly  avoided  the  violet 
glass,  still,  as  might  be  expected,  the  violet  glass  cer- 
tainly had  some  eflfect,  because  if  it  were  put  over  the 
nest  alone,  the  ants  preferred  being  under  it  to  being 
under  the  plain  glass  only. 

I  then  compared  the  violet  glass  with  a  solution 
of  ammonio-sulphate  of  copper,  which  is  very  similar  in 
colour,  though  perhaps  a  little  more  violet,  and  arranged 
the  depth  of  the  fluid  so  as  to  make  it  as  nearly  as  pos- 
sible of  the  same  depth  of  colour  as  the  glass. 
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Approx.  number 

of  Ants          Exp.  L 
onder  the 
Glass      ...    0 

Exp.  2. 
0 

Exp.  3. 
0 

Exp.  4. 

2 

Exp.  0. 
0 

Exp.  6. 
2 

Solution...  40 

80 

100 

80 

60 

70 

Bxp.7. 
Glass     ...    0 

Bxp.8. 
2 

Exp.  9. 
3 

Exp.  10. 
0 

Total 
9 

Solution...  60 

40 

90 

100 

... 

710 

In  another  experiment  with  Lasiua  niger  I  used 
the  dark  yellow  glass,  dark  violet  glass,  and  a  violet 
solution  of  5  per  cent,  ammonio-sulphate  of  copper, 
diluted  so  as  to  be,  to  my  eye,  of  exactly  the  same  tint 
:as  the  violet  glass ;  in  8  observations  the  pupae  were 
three  times  under  the  violet  solution,  and  5  times 
under  the  yellow  glass.  I  then  removed  the  yellow 
^lass,  and  in  10  more  observations  the  pupae  were 
always  brought  under  the  solution. 

It  is  interesting  that  the  glass  and  the  solution 
should  affect  the  ants  so  differently,  because  to  my 
^ye  the  two  were  almost  identical  in  colour.  The 
glass,  however,  was  more  transparent  than  the  solu- 
tion. 

To  see  whether  there  would  be  the  same  difference 
between  red  glass  and  red  solution  as  between  violet 
glass  and  violet  solution,  I  then  (Aug.  21)  put  over  a 
nest  of  Formica  fusca  a  red  glass  and  a  solution  of 
carmine,  as  nearly  as  I  could  make  it  of  the  same  tint. 
In  10  experiments,  however,  the  ants  were,  generally 
speaking,  some  under  the  solution  and  some  under 
the  glass,  in,  moreover,  as  nearly  as  possible  equal 
numbers. 

August  20. — Over  a  nest  of  Formica  fusca  con- 
o  2 
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taining  20  pupae,  I  placed  a  saturated  solution  of 
bichromate  of  potash,  a  deep  solution  of  carmine,  which 
let  through  scarcely  any  but  the  red  rays,  and  a  white^ 
porcelain  plate. 

Obs. 
1.  Under  the  bichr.  of  potash  were  0  pupae,  carmine  18,  porcelain  2' 

^'  »t  i»  "  t»  »i 

3.  t>  91  6  »»  »! 

^«  »»  »»  V  tt  »i 

6-  t»  It  6  »  » 

6.  „  „  0  „ 

'•  t»  11  "  »»  »: 

"  t»  »»  ^  »»  » 

9.  f»  )f  Z  „  , 

10.  f>  »  0  „  ,, 

H  H  »  0    „  , 

Total     18  81  124 

I  then  put  over  another  nest  of  Formica  fuaca 
four  layers  of  red  glass  (which,  when  examined  with 
the  spectroscope,  let  through  red  light  only),  four 
layers  of  green  glass  (which,  examined  in  the  same 
way,  transmitted  nothing  but  a  very  little  green),  and  a 
porcelain  plate.  Under  these  circumstances  the  ant» 
showed  no  marked  preference,  but  appeared  to  feel 
equally  protected,  whether  they  were  under  the  red 
glass,  the  green  glass,  or  the  porcelain. 

Thus,  though  it  appears  from  other  experiments 
that  ants  are  affected  by  red  light,  still  the  quantity 
that  passes  through  dark  red  glass  does  not  seem  greatly 
to  disturb  them.  I  tested  this  again  by  placing  over  a 
nest  containing  a  queen  and  about  10  pupae  a  piece  of 
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opaque  porcelain,  one  of  violet,  and  one  of  red  glass, 
all  of  the  same  size.     The  result  is  shown  below. 
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Total    90  88 

Obviously,  therefore,  the  ants  showed  no  marked 
preference  for  the  porcelain.  On  one,  but  only  on  one 
occasion  (Obs.  9),  most  of  the  pupse  were  carried  under 
the  violet  glass,  but  generally  it  was  quite  neglected. 

I  now  tried  a  similar  experiment  with  porcelain  and 
yellow  glass. 
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Obs. 
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The  porcelain  and  yellow  glass  seemed,  therefore,, 
to  affect  the  ants  almost  equally. 

I  then  put  two  ants  on  a  paper  bridge,  the  ends^ 
supported  by  pins,  the  bases  of  which  were  in  water. 
The  ants  wandered  backwards  and  forwards,  endea- 
vouring to  escape.  I  then  placed  the  bridge  in  the 
dark  and  threw  the  spectrum  on  it,  so  that  succes- 
sively the  red,  yellow,  green,  blue,  and  violet  fell  on  the 
bridge. 

The  ants,  however,  walked  backwards  and  forwards 
without  (perhaps  from  excitement)  taking  any  notice  of 
the  colour. 

I  then  allowed  some  ants  {Lasiua  niger)  to  find 
some  larvae,  to  which  they  obtained  access  over  a 
narrow  paper  bridge.     When  they  had  got  used  to  it^ 
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I  arranged  so  that  it  passed  through  a  dark  box,  and 
threw  on  it  the  principal  colours  of  the  spectrum, 
namely,  red,  yellow,  green,  blue,  and  violet,  as  well  as 
the  ultra-red  and  ultra-violet;  but  the  ants  took  no 
notice. 

It  is  obvious  that  these  facts  suggest  a  number  of 
interesting  inferences.  I  must,  however,  repeat  the 
observations  and  make  others ;  but  we  may  at  least,  I 
think,  conclude  from  the  preceding  that: — (1)  ants 
have  the  power  of  distinguishing  colours ;  (2)  that  they 
are  very  sensitive  to  violet ;  and  it  would  also  seem  (3) 
that  their  sensations  of  colour  must  be  very  different 
from  those  produced  upon  us. 

But  I  was  anxious  to  go  beyond  this,  and  to  attempt 
to  determine  how  far  their  limits  of  vision  are  the 
same  as  ours.  We  all  know  that  if  a  ray  of  white  light 
is  passed  through  a  prism,  it  is  broken  up  into  a 
beautiful  band  of  colours — ^the  spectrum.  To  our  eyes 
this  spectrum  is  bounded  by  red  at  the  one  end  and 
violet  at  the  other,  the  edge  being  sharply  marked  at 
the  red  end,  but  less  abruptly^  at  the  violet.  But  a  ray 
of  light  contains,  besides  the  rays  visible  to  our  eyes, 
others  which  are  called,  though  not  with  absolute 
correctness,  heat-rays  and  chemical  rays.  These,  so  far 
from  falling  within  the  limits  of  our  vision,  extend  far 
beyond  it,  the  heat-rays  at  the  red,  the  chemical  rays 
at  the  violet  end. 

I  have  tried  various  experiments  with  spectra 
derived  from  sunlight ;  but,  owing  to  the  rotation  of 
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the  earth,  they  were  not  thoroughly  satisfactory*  Mr. 
Spottiswoode  was  also  good  enough  to  enable  me  to 
make  some  experiments  with  electric  light,  which  were 
not  very  conclusive ;  more  recently  I  have  made  some 
additional  and  much  more  complete  experiments, 
through  the  kindness  of  Prof.  Dewar,  Prof.  Tyndall, 
and  the  Board  of  Managers  of  the  Boyal  Institution, 
to  whom  I  beg  to  oflfer  my  cordial  thanks. 

Of  course,  the  space  occupied  by  the  visible  spec- 
trum is  well  marked  ofiF  by  the  different  colours. 
Beyond  the  visible  spectrum,  however,  we  have  no 
such  convenient  landmarks,  and  it  is  not  enough  to 
describe  it  by  inches,  because  so  much  depends  on  the 
prisms  used.  If,  however,  paper  steeped  in  thalline  is 
placed  in  the  ultra-violet  portion  of  the  spectrum,  it 
gives,  with  rays  of  a  certain  wave-length,  a  distinctly 
visible  green  colour,  which  therefore  constitutes  a  green 
band,  and  gives  us  a  definite,  though  rough,  standard 
of  measurement. 

In  the  above  experiments  with  coloured  spectra, 
the  ants  carried  the  pupse  out  of  the  portion  of  the 
nest  on  which  coloured  light  was  thrown  and  deposited 
them  against  the  wall  of  the  nest ;  or,  if  I  arranged  a 
nest  of  Forrrdta  fuaca  so  that  it  was  entirely  in  the 
light,  they  carried  them  to  one  side  or  into  one  comer. 
It  seemed  to  me,  therefore,  that  it  would  be  interesting 
so  to  arrange  matters,  that  on  quitting  the  spectrum,  after 
passing  through  a  dark  space,  the  ants  should  encounter 
not  a  solid  obstacle,  but  a  barrier  of  light.     With  this 
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object,  I  prepared  some  nests  12  inches  long  by  6  inches 
wide;  and  Mr.  Cottrell  kindly  arranged  for  me  at 
the  Koyal  Institution  on  the  29th  of  June,  by  means  of 
the  electric  light,  two  spectra,  which  were  thrown  by  two 
^lass  prisms  on  to  a  table  at  an  angle  of  about  46®. 
Each  occupied  about  6  inches  square,  and  there  was  a 
space  of  about  2  inches  between  them — that  is,  between 
the  red  end  of  the  one  and  the  violet  of  the  other. 

Experiment  1. — In  one  of  the  spectra  I  placed  a  nest 
of  Formica  fuaca^  12  inches  by  6,  containing  about 
1 50  pupae,  and  arranged  it  so  that  one  end  was  distinctly 
beyond  the  limit  of  the  violet  visible  to  us,  and  all  but 
to  the  edge  of  the  green  given  by  thalline  paper,  and 
the  other  just  beyond  the  visible  red.  The  pupae  at  first 
were  almost  all  in  or  beyond  the  violet,  but  were  carried 
into  the  dark  space  between  the  two  spectra,  the  bright 
thaUine  band  being  avoided,  but  some  pupae  being 
•deposited  in  the  red. 

Eooperiment  2. — ^I  then  tried  the  same  experiment 
with  a  nest  of  Lasiua  niger,  in  which  there  were  many 
lanrae  as  well  as  pupae.  They  were  all  at  the  commence- 
ment at  the  blue  end  of  the  nearer  spectrum.  The 
larvae  were  left  by  themselves  in  the  violet,  while  pupae 
were  ranged  from  the  end  of  the  green  to  that  of  the 
red  inclusive. 

Eicperiment  3. — Arranged  a  nest  of  L.  niger  as 
before  ;  at  the  commencement  the  pupae  and  larvae  were 
much  scattered,  being,  however,  less  numerous  in  the 
violet  and  ultra-violet  rays.     Those  in  the  ultra-violet 
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rays  were  moved  first,  and  were  deposited,  the  larvae  ia 
the  violet,  and  the  pupae  in  the  red. 

Eocperiment  4. — ^Made  the  same  experiment  with 
another  nest  of  L,  niger.  At  the  commencement  the- 
larvae  and  pupae  were  in  the  violet  and  ultra-violet 
portion,  extending  to  double  the  distance  from  the- 
visible  end  to  the  thalline  band.  The  ants  soon  began 
bringing  the  pupae  to  the  red.  Over  part  of  the  red  I 
placed  a  piece  of  money.  The  pupae  were  cleared  from 
the  ultra-violet  first.  That  the  pupae  were  not  put  in 
the  red  for  the  sake  of  the  red  light  was  evident,, 
because  the  space  under  the  coin  was  even  more 
crowded  than  the  rest.  The  pupae  were  heaped  up  in 
the  dark  as  far  as  the  thalline  band  of  the  other  spec- 
trum. I  then  brought  the  second  spectnmi  nearer  to 
the  first.  The  pupae  which  thus  came  to  be  in  the 
thalline  band  were  gradually  moved  into  the  dark. 

Eayperiment  5. — ^Tried  the  same  with  another  nest 
of  X.  niger.  The  pupae  were  at  first  in  the  violet  and 
ultra-violet  about  double  as  far  as  the  thalline  line, 
while  most  of  the  larvae  were  in  the  green.  The^ 
furthest  part  was  cleared  first;  and  they  were  again 
brought  principally  into  the  yellow,  red,  and  dark. 

Again,  I  scattered  them  pretty  equally,  some  being 
in  the  ultra-violet  portion,  as  far  as  double  the  distance 
of  the  thalline  from  the  violet ;  most,  however,  being^ 
in  the  violet  and  blue. 

The  ants  began  by  removing  the  pupae  which  were- 
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in  and  near  the  thaUine  band,  and  carried  them  into 
the  yellow  or  red. 

Experiment  6. — Repeated  the  same  experiments 
Begun  it  at  11.15.  Placed  some  pupae  in  the  red,  some 
in  the  yellow,  and  a  few  scattered  over  the  second 
spectrum ;  there  were  Hone  in  the  nearer  one. 

They  were  all  carried  away  from  the  red  past  the 
violet,  and  put  down  in  the  dark  portion,  or  in  the  red 
and  yellow,  of  the  nearer  spectrum. 

These  experiments  surprised  me  much  at  the  time,, 
as  I  had  expected  all  the  pupsB  to  be  carried  into  the  space 
between  the  two  spectra ;  but  it  afterwards  occurred  to 
me  that  the  ultra-violet  rays  probably  extended  ftirther 
than  I  had  supposed,  so  that  even  the  part  which  lay 
beyond  the  thalline  band  contained  enough  rays  to 
appear  light  to  the  ants.  Hence  perhaps  they  selected 
the  red  and  yellow  as  a  lesser  evil. 

Exp.eriment  7. — I  altered,  therefore,  the  arrange- 
ment. Prof.  Dewar  kindly  prepared  for  me  a  con- 
densed  pure  spectrum  (showing  the  metallic  lines)  with 
a  Siemens'  machine,  using  glass  lenses  and  a  mirror  to 
give  a  perpendicular  incidence  when  thrown  on  the 
nest.  I  arranged  the  pupae  again  in  the  ultra-violet 
as  far  as  the  edge  of  the  fluorescent  light  shown  with 
thalline  paper.  The  pupae  were  all  again  removed,  and 
most  of  them  placed  just  beyond  the  red,  but  none  in 
the  red  or  yellow. 

Eooperiment  8. — ^Arranged  the  light  as  before,  and 
placed  the  pupae  in  the  ultra-violet  rays.     In  half  an 
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hour  they  were  all  cleared  away  and  carried  into  the  dark 
space  beyond  the  red.  We  then  turned  the  nest  round 
so  that  the  part  occupied  by  the  pupse  again  came  to  be 
in  the  violet  and  ultra-violet.  The  light  chanced  to  be 
so  arranged  that  along  one  side  of  the  nest  was  a  line  of 
shadow ;  and  into  this  the  pupae  were  carried,  all  those 
in  the  ultra-violet  being  moved.  We  then  shifted  the 
nest  a  little,  so  that  the  violet  and  ultra-violet  fell  on 
some  of  the  pupse.  These  were  then  all  carried  into 
the  dark,  the  ones  in  the  ultra-violet  being  moved  first. 

In  these  experiments  with  the  vertical  incidence 
there  was  less  dififused  light,  and  the  pupae  were  in  no 
case  carried  into  the  red  or  yellow. 

Experiment  9. — I  arranged  the  light  and  the  ants 
as  before,  placing  the  pupae  in  the  ultra-violet,  some 
being  distinctly  beyond  the  bright  thalline  band.  The 
ants  at  once  began  to  remove  them.  At  first  many 
were  deposited  in  the  violet,  some,  however,  being  at 
once  carried  into  the  dark  beyond  the  red.  WTien  all 
had  been  removed  firom  the  ultra-violet,  they  directed 
their  attention  to  those  in  the  violet,  some  being  carried, 
as  before,  into  the  dark,  some  into  the  red  and  yellow. 
Again,  when  those  in  the  violet  had  all  been  removed, 
they  began  on  the  pupae  in  the  red  and  yellow,  and 
carried  them  also  into  the  dark.  This  took  nearly  half 
an  hour.  As  I  had  arranged  the  pupae  so  that  it  might 
be  said  that  they  were  awkwardly  placed,  we  then 
turned  the  nest  round,  leaving  the  pupae  otherwise  as 
they  had  been  arranged  by  the  ants ;  but  the  result  of 
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moving  the  nest  was  to  bring  some  of  them  into  the 
violet,  though  most  were  in  the  ultra-violet.  They 
were,  as  before,  all  carried  into  the  dark  space  beyond 
the  red  in  about  half  an  hour. 

We  then  turned  the  glass  round  again,  this  time 
arranging  the  end  about  the  length  of  the  spectrum 
beyond  the  end  of  the  violet  visible  to  our  eyes.  They 
began  clearing  the  thalline  band,  carrying  some  into 
the  violet,  but  the  majority  away  further  from  the 
spectrum.  In  a  quarter  of  an  hour  the  thalline  band 
had  been  quite  cleared ;  and  in  half  an  hour  a  band 
beyond,  and  equal  to  the  thalline  band,  those  in  the 
violet  being  left  untouched.  After  the  pupse  in  the 
ultra-violet  portion  had  all  been  moved,  those  in  the 
violet  were  also  carried  away  and  deposited  about  twice 
as  far  from  the  edge  of  the  violet  as  the  further  edge 
of  the  bright  thalline  band. 

Experi/ment  10. — ^Experimented  again  with  the 
same  arrangement  as  before,  using  another  nest  of 
L(L8iu8  niger  and  placing  the  pupae  in  the  violet  and  a 
little  beyond.  The  ants  at  once  began  removing  them 
into  the  dark,  tunnelling  into  the  heap,  and  then  carry- 
ing away  those  in  the  ultra-violet  first,  although  they 
were  further  oflF.  In  half  an  hour  they  had  all  been 
moved  out  of  the  violet  and  ultra-violet,  about  half 
being  placed  in  the  dark,  and  half  having  been  pro- 
visionally deposited  in  the  red  and  yellow. 

Eocperiment  11. — Same  arrangement  as  before. 
The  pupae  being  placed  all  along  one  side  of  the  nest, 
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from  the  edge  of  the  red  to  a  distance  beyond  the  violet 
as  great  as  the  whole  length  of  the  spectrum.  I  began 
at  4.15,  By  degrees  they  were  all  cleared  away  from  the 
spectrum,  except  those  in  the  violet,  where  indeed,  and 
immediately  outside  of  which,  the  others  were  placed. 
At  5,  however,  they  began  to  carry  them  back  into  the 
red.  At  5.45  the  blue  and  violet  were  nearly  cleared, 
the  pupae  being  placed  in  the  red  and  yellow.  At  6.15 
they  had  all  been  brought  from  the  violet  and  ultra- 
violet into  the  red  and  yellow. 

I  then  shook  up  the  pupse  so  that  they  were 
arranged  all  along  one  side  of  the  nest,  and  extended 
about  an  inch  beyond  the  red.  This  excited  the  ants 
very  much,  and  in  less  than  ten  minutes  all  those  in  the 
spectrum,  and  for  about  6  inches  beyond  the  violet,  were 
moved,  but  at  first  they  were  put  down  anywhere,  so  that 
they  were  scattered  all  over  the  nest.  This,  however, 
lasted  for  a  very  short  time,  and  they  were  all  carried 
into  the  dark  beyond  the  red,  or  into  the  extreme  end 
at  some  distance  beyond  the  violet.  At  7  the  edge 
of  the  heap  of  pupse  followed  the  line  of  the  red  at  one 
end,  coming  about  J  inch  within  it,  which  was  not 
owing  to  want  of  room,  as  one  side  of  the  nest  was 
almost  unoccupied;  at  the  other  end  they  were  all 
carried  3  inches  beyond  the  end  of  the  violet. 

It  would  seem,  then,  as  the  result  of  these  experi- 
ments,  that  the  limits  of  vision  of  ants  at  the  red 
end  of  the  spectrimi  are  approximately  the  same 
as  ours,  that  they  are  not  sensitive  to  the  ultra-red 
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xays  ;  but,  on  the  other  hand,  that  they  are  very  sen- 
sitive to  the  ultra-violet  rays,  which  our  eyes  cannot 
perceive, 

I  then  arranged  the  same  ants  in  a  wooden  frame 
<5on8isting  of  a  base  and  two  side  walls,  between  which 
in  the  middle  was  a  perpendicular  sliding  door.  The 
pupae  had  been  arranged  by  the  ants  in  the  centre  of 
the  nest,  so  that  some  were  on  each  side  of  the  door. 
We  then  threw,  by  means  of  a  strong  induction-coil,  a 
magnesium-spark  on  the  nest  from  one  side,  and  the 
light  from  a  sodium-flame  in  a  Bunsen  burner  on  the 
other,  the  light  being  in  each  case  stopped  by  the  sliding 
door,  which  was  pressed  close  down  on  the  nest.  In  this 
way  the  first  half  was  illuminated  by  the  one  light,  the 
second  by  the  other,  the  apparatus  being  so  arranged 
that  the  lights  were  equal  to  our  eyes — ^that,  however, 
given  by  the  magnesium,  consisting  mainly  of  blue, 
violet,  and  ultra-violet  rays,  that  of  the  sodium  being 
very  yellow  and  poor  in  chemical  rays.  In  a  quarter  of 
an  hour  the  pupae  were  all  carried  into  the  yellow. 
The  sodium  light  being  the  hotter  of  the  two,  to 
eliminate  the  action  of  heat  I  introduced  a  water-cell 
between  the  ants  and  the  sodium-flame,  and  made  the 
two  sides  as  nearly  as  possible  equally  light  to  my  eye. 
The  pupae,  however,  were  again  carried  into  the  sodium 
side. 

I  repeated  the  same  experiment  as  before,  getting 
the  magnesiimi-spark  and  the  sodium-flame  to  the  same 
degree  of  intensity,  as  nearly  as  my  eye  could  judge. 
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and  interposing  a  water-screen  between  the  sodium- 
flame  and  the  ants.  The  temperature  was  tested  by 
the  thermometer,  and  I  could  distinguish  no  diflference 
between  the  two  sides.  Still  the  ants  preferred  the 
sodium  side.  This  I  repeated  twice.  I  then  removed 
the  magnesium-spark  somewhat,  so  that  the  illumina- 
tion on  that  side  was  very  much  fEiinter  than  on  the 
other;  still  the  pupsB  were  carried  into  the  sodium- 
light.  I  then  turned  the  nest  round  so  as  to  bring 
them  back  into  the  magnesium.  They  were  again 
carried  to  the  sodium  side. 

Once  more  I  repeated  the  same  experiment.  The 
light  on  the  magnesium  side  was  so  faint  that  I  could 
scarcely  see  the  pupae,  those  on  the  sodium  ade  being 
quite  plain.  The  thermometer  showed  no  diflference 
between  the  two  sides.  The  pupae  were  carried  into 
the  sodium-light.  I  then  turned  the  nest  round  twice ; 
but  the  pupae  were  each  time  carried  out  of  the 
magnesium-light. 

These  experiments  seemed  strongly  to  indicate,  if 
not  to  prove,  that  ants  were  really  sensitive  to  the 
ultra-violet  rays.  Now  to  these  rays  sulphate  of 
quinine  and  bisulphide  of  carbon  are  extremely  opaque, 
though  perfectly  transparent  in  the  case  of  visible  rays, 
and  therefore  to  our  eyes  entirely  colourless  and  trans- 
parent. Ify  therefore,  the  ants  were  really  affected  by 
the  ultra-violet  rays,  then  a  cell  containing  a  layer  of 
sulphate  of  quinine  or  bisulphide  of  carbon  would  tend 
to  darken  the  underlying  space  to  their  eyes,  though 
to  ours  it  would  not  do  so. 
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It  will  be  remembered  that  if  an  opaque  substance  is 
placed  over  a  part  of  a  glass  nest,  other  things  being 
equal,  the  ants  always  congregate  under  it ;  and  that  if 
substances  of  diflferent  opacity  are  placed  on  diflferent 
parts  of  a  nest,  they  collect  under  that  which  seems  to 
them  most  opaque.  Over  one  of  my  nests  of  Fm^mica 
fuacay  therefore,  I  placed  two  pieces  of  dark-violet  glass 
4  inches  by  2  inches ;  and  over  one  of  them  I  placed  a 
cell  containing  a  layer  of  bisulphide  of  carbon,  an  inch 
thick,  slightly  coloured  with  iodine.  In  all  these  experi- 
ments, when  I  moved  the  liquids  or  glasses,  I  gave 
the  advantage,  if  any,  to  the  one  under  which  experi- 
ence showed  that  the  ants  were  least  likely  to  congre- 
gate. The  ants  all  collected  under  the  glass  over 
which  was  the  bisulphide  of  carbon. 

I  then  thought  that  though  no  doubt  the  iodine 
rendered  the  bisulphide  more  completely  impervious  to 
the  ultra-violet  rays,  I  would  try  the  eflfect  of  it  when 
pure  and  perfectly  colourless.  I  therefore  tried  the 
same  experiment  with  pure  bisulphide,  moving  the  two 
glasses  from  time  to  time  in  such  a  manner  that  the 
ants  had  to  pass  the  first  violet  glass  in  order  to  reach 
that  over  which  was  the  bisulphide. 

At  8.30  the  ants  were  all  under  the  glass  over  which 
was  the  bisulphide  of  carbon :  I  then  changed 
the  position. 
8.45  „  „  „ 

9.15  „  „  „ 

? 
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Although  the  bisulphide  of  carbon  is  so  perfectly 
transparent,  I  then  thought  I  would  try  it  without 
the  violet  glass.  I  therefore  covered  part  of  the  nest 
with  violet  glass,  a  part  with  a  layer  of  bisulphide  of 
carbon,  moving  them  from  time  to  time  as  before,  and 
the  ants  in  every  case  went  under  the  bisulphide. 

I  then  reduced  the  thickness  of  the  layer  of  bisul- 
phide to  -^  of  an  inch,  but  still  they  preferred  the 
bisulphide. 

Then  thinking  that  possibly  the  one  shelter  being  a 
plate  of  glass  and  the  other  a  liquid  might  make  a 
diflference,  I  tried  two  similar  bottles,  one  contain- 
ing water  and  the  other  bisuJphide  of  carbon ;  but  in 
every  case  the  ants  went  under  the  bisulphide  of 
carbon.  On  the  other  hand,  when  I  used  coloured  solu 
tions  so  deep  in  tint  that  the  ants  were  only  just  visible 
through  them,  the  ants  went  under  the  coloured  liquids. 

October  10. — ^I  uncovered  the  nest  at  7  a.m.,  giving 
the  ants  an  option  between  the  bisulphide  of  carbon 
and  various  coloured  solutions,  taking  for  violet  am- 
monio-sulphate  of  copper ;  for  red,  a  solution  of  carmine 
so  deep  in  tint  that  the  ants  could  only  just  be  seen 
through  it ;  for  green,  a  solution  of  chlorate  of  copper ; 
and  for  yellow,  saflfron.  They  wfere  each  separately 
tried  with  the  bisulphide,  and  in  every  case  the  ants 
preferred  the  coloured  solution. 

I  now  took  successively  red,  yellow,  and  green 
glass ;  but  in  every  case  the  ants  preferred  the  glass  to 
the  bisulphide.     Although,  therefore,  it  would  seem 
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from  the  previous  experiments  that  the  bisulphide 
-darkened  the  nests  to  the  ants  more  than  violet  glass, 
it  would  appear  to  do  so  less  than  red,  green,  or  yellow. 

I  now  made  some  experiments  in  order,  if  possible, 
to  determine  whether  the  reason  why  the  ants  avoided 
the  violet  glass  was  because  they  disliked  the  colour 
violet,  or  whether  it  was  because  the  violet  glass  trans- 
mitted more  of  the  ultra-violet  rays. 

For  this  purpose  I  placed  a  layer  of  the  bisulphide 
of  carbon  over  a  piece  of  violet  glass.  By  this  arrange- 
ment I  got  the  violet  without  the  ultra-violet  rays ; 
and  I  then  contrasted  this  combination  with  .other 
eoloured  media. 

First,  I  took  a  solution  of  bichromate  of  potash 
{bright  orange),  and  placed  it  on  a  part  of  the  nest,  side 
by  side  with  the  violet  glass  and  bisulphide  of  carbon. 
I  should  add  that  the  bichromate  of  potash  also  cuts  oflF 
the  ultra-violet  rays.  In  all  the  following  observations 
I  changed  the  position  after  each  observation. 

At  1.30  P.M.  the  ants  were  under  the  bichromate. 


3 

>5 

half  under  the  bichromate 
and  half  under  the  violet 
glass  and  bisulphide. 

o         A.M.  „ 

?? 

under  the  bichromate. 

«.30 

95 

under  the  violet  glass  and 

' 

bisulphide. 

^ 

99 

half  under  each. 

9.30         „ 

99 

some  under  each,  but  most 
p2 
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under  the  violet  glass  and 
bisulphide. 
9.45  „  „        half  under  each. 

•*-^  99  99  »  W 

In  this  case,  therefore,  though  without  the  layer  of 
bisulphide  the  violet  glass  would  always  have  been 
avoided,  the  result  of  placing  the  bisulphide  over  the 
violet  glass  was  that  the  ants  did  not  care  much 
whether  they  were  under  the  violet  glass  or  under  the 
bichromate  of  potash. 

I  then  t66k  the  same  solution  of  carmine  which  I 
had  already  used. 

10.  The  ants  were  under  the  carmine. 
10.15  „  „  „ 

10.30  „         most  imder  the   carmine,  but 

some  under  the  violet. 
10.45  „        under  the  carmine. 

11.  „        most  imder  the   carmine,  but 

some  under  the  violet. 

Here,  then,  again  the  bisulphide  made  a  distinct 
diflference,  though  not  so  much  so  as  with  the  bichro- 
mate of  potash. 

I  then  took  the  solution  of  chlorate  of  copper 
already  used. 

1  About  half  the  ants  were  under  each. 

1.30.   The  greater  number  were  under  the  violet 
glass  and  bisulphide. 
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2.  The  greater  number  were  under  the  violet 

glass  and  bisulphide. 
2.30  „  „  „ 

3.  Almost  all  were  under  the  glass  and  bisulphide. 

The  addition  of  the  bisulphide  thus  caused  the  violet 
:glass  to  be  distinctly  preferred  to  the  chlorate  of  copper. 

I  then  took  a  solution  of  sulphate  of  nickel,  almost 
•exactly  the  same  tint  as,  or  a  shade  paler  than,  the 
-chlorate  of  copper. 

At  3.45   the  ants   were   under  the   violet  glass  and 
bisulphide. 

^»  99  J>  99 

^»  >>  J>  99 

October  18. 

7  A.M.  „  „  „ 

8.         About  half  of  the  ants  were  under  each. 

Here  the  effect  was  even  more  marked. 
I  then  took  some  saffron  1  inch  in  thickness  and  of 
a  deep-yellow  colour. 

12.45  The  ants  were  about  half  under  each. 
1*       Most  of  the  ants  were  under  the  violet  glass 
and  bisulphide. 

1»15  99  5J  » 

2.       Most  of  the  ants  were  under  the  saffron. 

Here,  again,  we  have  the  same  result. 

I  then  tried  the  different-coloured  glasses,  all  of 
which,  as  I  had  previously  found,  are  unmistakably 
^preferred  to  the  violet.     It  remained  to  be  seen  what 
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effect  placing  the  bisulphide  of  carbon  on  the  violet; 
would  have. 

First,  I  placed  side  by  side,  as  usual,  a  piece  of 
green  glass  and  the  violet  glass  covered  with  bisulphide 
of  carbon :  — 

1st  exp.  Half  of  the  ants  were  under  each. 

2nd    „     They  were   under  the   violet  glass  and 

bisulphide. 
3ra     „  „  „  ,) 

4th  exp.  Most  of  them  were  under  the  violet  glass 

and  bisulphide. 
5th     „  „  „  „ 

Next,  I  tried  pale-yellow  glass. 
1st  obs.  The  ants  were  almost  all  under  the  violet 

glass  and  bisulphide* 
2nd  „     About  three-quarters  were      „         „ 
3rd    „    They  were  all  „         „ 

4th   „    About  half  were  under  each. 

I  then  took  the  dark-yellow  glass. 

1st  obs.  About  half  the  ants  were  under  the  yellow 
glass  and  half  under  the  violet  glass  and 
bisulphide. 

2nd  „  Most  of  them  were  under  the  violet  glass 
and  bisulphide. 

3rd   „  „  „  yellowglass. 

4th   „  „  „  violet  glass- 

and  bisulphide^ 

5th  „    About  half  under  each. 
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I  now  took  deep-red  glass. 

Ist  obs.  The  ants  were  under  the  red  glass. 

2nd  „    Half  of  the  a^ts  were  under  each. 

3rd   „     Most  of  the  ants  were  under  violet  gls^s 

and  bisulphide. 
4th   „    Half  were  under  each. 

It  seemed  evident,  therefore,  that  while  if  violet 
glass  alone  was  placed  side  by  side  with  red,  yellow,  or 
green,  the  ants  greatly  preferred  any  of  the  latter,  on 
the  other  hand,  if  a  layer  of  bisulphide  of  carbon,  which 
to  our  eyes  is  perfectly  transparent,  was  placed  over 
the  violet  glass,  they  then  went  as  readily,  or  even 
more  readily,  under  it  than  under ^other  colours. 

In  order  to  be  sure  that  it  was  not  the  mere 
presence  of  a  fluid,  or  the  two  layers  of  glass,  to  which 
this  was  due,  I  thought  it  would  be  well  to  try  a  similar 
series  of  experiments,  using,  however,  a  layer  of  similar 
thickness  (1  inch)  of  water  coloured  light  blue  by 
ammonio-sulphate  of  copper. 

I  therefore  took  again  the  piece  of  violet  glass,  over 
which  I  placed  a  flat-sided  bottle,  about  1  inch  thick, 
containing  a  light-blue  solution  of  ammonio-sulphate 
of  copper ;  and,  in  contrast  with  it,  I  used  the  same 
coloured  glasses  as  before.  The  difference,  however, 
was  very  marked,  the  ants  always  preferring  the  red, 
green,  and  yellow  to  the  violet. 

These  experiments  seem  to  demonstrate  that  in 
the  previous  series  the  ants  were  really  influenced  by 
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some  diflference  due  to  the  bisulphide  of  carbon,  which 
affected  their  eyes,  though  not  ours. 

I  then  thought  it  would  be  interesting  to  use, 
instead  of  the  bisulphide,  a  solution  of  sulphate  of 
quinine  (^  dr.  to  4  ounces),  which  differs  from  it  in 
many  points,  but  agrees  in  cutting  off  the  ultra-violet 
rays.  I  used,  as  before,  a  layer  about  an  inch  thick, 
which  I  placed  over  violet  glass,  and  then  placed  by  its 
side  the  same  coloured  glasses  as  before. 

First,  I  took  the  red  glass. 
Obs.  1.  About  half  the  ants  were  imder  each. 
„    2.  Most  of  them  were  under  the  red  glass. 
„    3.  About  half  under  each ;  rather  more  under  the 
violet  glass  and  sulphate   of  quinine  than 
under  the  red  glass, 
jj    4.  „  „  „ 

I  now  took  the  dark-yellow  glass  instead  of  the  red. 

Obs.  1.  Most  of  the  ants  were  under  the  violet  glass  and 

sulphate  of  quinine. 
„    2.  All  „  „  „ 

>»      3-       >5  ?>  99  99 

„    4.    „  „  „  yellow  glass. 

>»      ^»       »  5>  99  JJ 

„    6.  All  the  ants  were  under  the  violet  glass  and 

sulphate  of  quinine. 
„  7.  About  half  under  each. 
„    8.  Rather  more  under  the  violet  glass  and  sulphate 

of  quinine  than  under  the  yellow  glass. 
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I  then  took  the  light- yellow  glass  instead  of  the  dark. 

fObs.  1.  The  ants  were  a)I  under  the  violet  glass  and 
sulphate  of  quinine. 
„    2.  Eather  more  than  half  under  the  yellow  glass. 
„    3.  Almost  all  under  the  violet  glass  and  sulphate 

of  quinine. 
»»    4.  All  „  ,,  ff  fj 

I  then  took  the  green  glass  instead  of  the  yellow. 
^Obs.  1.  They  were  xmder  the  violet  glass  and  sulphate 
of  quinine. 

99      ^*  99  »  5> 

„    3.  About  half  under  each. 
„   4.  About  three-quarters  under  the  green  glass. 
„    5.  Almost  all  under  the  violet  glass  and  sulphate 
of  quinine. 

Thus,  then,  while  if  the  ants  have  to  choose 
between  the  violet  and  other  coloured  glasses,  they 
will  always  prefer  one  of  the  latter,  the  eflfect  of 
putting  over  the  violet  glass  a  layer  either  of  sul- 
phate of  quinine  or  bisulphide  of  carbon,  both  of 
which  are  quite  transparent,  but  both  of  which  cut  off 
the  ultra-violet  rays,  is  to  make  the  violet  glass  seem 
to  the  ants  as  good  a  shelter  as  any  of  the  other  glasses. 
This  seems  to  me  strong  evidence  that  the  ultra-violet 
-rays  are  visible  to  the  ants. 

I  then  tried  similar  experiments  with  a  saturated 
.  solution  of  chrome  alum  and  chromium  chloride.     These 
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axe  dark  greenish  blue,  very  opaque  to  the  visible^ 
light-rays,  but  transparent  to  the  ultra-violet.  I  used 
a  layer  J  inch  thick,  which  was  still  so  dark  that  I 
could  not  see  the  ants  through  it ;  and  for  comparison, 
a  solution  1  inch  thick  of  bisulphide  of  carbon,  moving 
them  after  each  observation  as  before. 

Exp.  1.  The  ants  were  under  the   bisulphide  of 
carbon. 

>5        ^-  J5  99  99 

Exp.  3.  Most  of  the  ants  were  under  the  bisulphide 

of  carbon. 
„     4.  All  but  three  „  „ 

5,     5.  All  „  „ 

I  now  took  chromium  chloride  instead  of  alum. 
Exp.  1.  Most  were  under  the  bisulphide  of  carbon^ 
„     2.  All  „  „  „ 

„     3.  Almost  all  „  „  „ 

„     4.  About    three  -  fourths    were    under    the 

chromium  chloride. 
„     5.  All  were  under  the  chromium  chloride. 
„     6.  About  two-thirds  „  „ 

„     7.  About  one-half  under  each. 
„     8.  All  under  the  bisulphide  of  carbon. 
„     9.  About  three-fourths  under  the  bisulphide- 

of  carbon. 


10.  About  half 

11.  All  under  tl 

12.  „  bisulphide  of  carbon. 


11.  All  under  the  chrome  alum 
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This  result  is  very  striking.  It  appears  to  show  that 
though  to  our  eyes  the  bisulphide  of  carbon  is  absolutely 
transparent,  while  the  chrome  alum  and  chromium  chlo- 
ride are  very  dark,  to  the  ants,  on  the  contrary,  the 
former  appears  to  intercept  more  light  than  a  layer  of 
the  latter,  which  to  our  eyes  appears  dark  green. 

The  only  experiments  hitherto  made  with  the  view 
of  determining  the  limits  of  vision  of  animals  have 
been  some  by  Prof.  Paul  Bert  ^  on  a  small  fresh-water 
crustacean  belonging  to  the  genus  Daphnia,  from 
which  he  concludes  that  they  perceive  all  the  colours 
known  to  us,  being,  however,  specially  sensitive  to  the 
yellow  and  green,  and  that  their  limits  of  vision  are 
the  same  as  ours. 

Nay,  he  even  goes  further  than  this,  and  feels 
justified  in  concluding  from  the  experience  of  two 
widely  divergent  species — Man  and  Daphnia—thai 
the  limits  of  vision  would  be  the  same  in  all  cases. 

His  words  are— 

A.  *Tous  les  animaux  voient  les  rayons  spectraux 
que  nous  voyons.' 

B.  *Ils'  ne  voient  aucun  de  ceux  que  nous  ne 
voyons  pas.' 

C.  *  Dans  I'etendue  de  la  region  visible,  les  differ- 
ences entre  les  pouvoirs  eclairants  des  differents  rayons 
colories  sont  les  mSmes  pour  eux  et  pour  nous.' 

He  adds,  that  *puisque  les  limites  de  visibilites 
semblent  fetre  les  memos  pour  les  animaux  etpour  nous, 

»  Arehiv.  de  Physiol,  1869,  p.  547. 
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ne  trouvons-nous  pas  la  une  raison  de  plus  pour 
supposer  que  le  role  des  milieux  de  I'oeil  est  toutra-fait 
seeondaire,  et  que  la  visibilite  tient  a  rimpressionnabilit^ 
de  I'appareil  nerveux  lui-meme  ? ' 

Such  a  generalisation  would  seem  to  rest  on  but  a 
slight  foundation;  and  I  may  add  that  I  have  made 
some  experiments  myself^  on  Daphnias  which  do  not 
agree  with  those  of  M.  Bert.  On  the  contrary,  I 
believe  that  the  eyes  of  Daphnias  are  in  this  respect 
constituted  like  those  of  ants. 

These  experiments  seem  to  me  very  interesting. 
They  appear  to  prove  that  ants  perceive  the  ultra-violet 
rays.  Now,  as  every  ray  of  homogeneous  light  which 
we  can  perceive  at  all  appears  to  us  as  a  distinct  colour, 
it  becomes  probable  that  these  ultra-violet  rays  must 
make  themselves  apparent  to  the  ants  as  a  distinct 
and  separate  colour  (of  which  we  can  form  no  idea), 
but  as  unlike  the  rest  as  red  is  from  yellow,  or  green 
from  violet.  The  question  also  arises  whether  white 
light  to  these  insects  would  differ  from  our  white  light 
in  containing  this  additional  colour.  At  any  rate,  as 
few  of  the  colours  in  nature  are  pure,  but  almost  all 
arise  from  the  combination  of  rays  of  different  wave- 
lengths, and  as  in  such  cases  the  visible  resultant  would 
be  composed  not  only  of  the  rays  which  we  see,  but  of 
these  and  the  ultra-violet,  it  would  appear  that  the 
colours  of  objects  and  the  general   aspect  of  nature 

*  British  Assoc.  Report  1881,  and  lAnnccan  See.  Jowm,  1882. 
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must  present  to  them  a  very  diflferent  appearance  from 
what  it  does  to  us. 


The  Sense  of  Hearing, 

Many  eminent  observers  have  regarded  the  antennae 
of  insects  as  auditory  organs,  and  have  brought  forward 
strong  evidence  in  fevour  of  their  view. 

I  have  myself  made  experiments  on  grasshoppers, 
which  convinced  me  that  their  antennaB  serve  as  organs 
of  hearing. 

So  far,  however,  as  Ants,  Bees,  and  Wasps  are  con- 
cerned, the  evidence  is  very  conflicting.  The  power  of 
hearing  has  indeed  generally  been  attributed  to  them. 
Thus  St.Fargeau,  in  his  ^  Hist.  Nat.  des  Hym^nopt^res,'  * 
thinks  there  can  be  no  doubt  on  the  subject.  Bevan 
expresses,  no  doubt,  the  general  opinion  with  reference 
to  Bees,  when  he  says  that '  there  is  good  evidence  that 
Bees  have  a  quick  sense  of  hearing.'  ^ 

As  regards  Wasps,  Ormerod,  who  studied  them 
so  lovingly,  came  to  the  same  conclusion.' 

On  the  other  hand,  both  Huber  *  and  Forel  *  state 
that  ants  are  quite  deaf.  As  I  have  already  men- 
tioned in  the  *  Linnaean  Journal '  (vols.  xii.  and  xiii.), 
I  have  never  succeeded  in  satisfying  myself  that  my 
ants,  bees,  or  wasps  heard   any  of  the   sounds  with 

>  Vol.  i.  p.  113.  «  The  Honey  Bee,  p.  264. 

»  Nat,  BRst.  of  Waspsj  p.  72.         *  Nat.  Hist,  of  Ants, 
*  Fotiflrmis  de  la  Suisse,  p.  121, 
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which  I  tried  them.  I  have  over  and  over  again 
tested  them  with  the  loudest  and  shrillest  noises  I 
could  make,  using  a  penny  pipe,  a  dog-whistle,  a 
violin,  as  well  as  the  most  piercing  and  startling 
sounds  I  could  produce  with  my  own  voice,  but  all 
without  eflfect.  At  the  same  time,  I  carefully  avoided 
inferring  from  this  that  they  are  really  deaf,  though 
it  certainly  seems  that  their  range  of  hearing  is  very 
different  from  ours. 

In  order,  if  possible,  to  throw  some  light  upon 
this  interesting  question,  I  made  a  variety  of  loud 
noises,  including  those  produced  by  a  complete 
set  of  tuning-forks,  as  near  as  possible  to  the  ants 
mentioned  in  the  preceding  pages,  while  they  were 
on  their  journeys  to  and  fro  between  the  nests  and 
the  larvae.  In  these  cases  the  ants  were  moving 
steadily  and  in  a  most  business-like  manner,  and  any 
start  or  alteration  of  pace  would  have  been  at  once 
apparent.  I  was  never  able,  however,  to  perceive  that 
they  took  the  slightest  notice  of  any  of  these  sounds. 
Thinking,  however,  that  they  might  perhaps  be  too 
much  absorbed  by  the  idea  of  the  larvae  to  take  any 
notice  of  my  interruptions,  I  took  one  or  two  ants  at 
random  and  put  them  on  a  strip  of  paper,  the  two  ends 
of  which  were  supported  by  pins  with  their  bases  in 
water.  The  ants  imprisoned  under  these  circumstances 
wandered  slowly  backwards  and  forwards  along  the 
paper.  As  they  did  so,  I  tested  them  in  the  same 
manner  as  before,  but  was  unable  to  perceive  that  they 
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took  the  slightest  notice  of  any  sound  which  I  was 
able  to  produce.  I  then  took  a  large  female  of  F. 
lignvperdaj  and  tethered  her  on  a  board  to  a  pin  by  a 
delicate  silk  thread  about  6  inches  in  length.  After 
wandering  about  for  a  while,  she  stood  still,  and  I 
then  tried  her  in  the  same  way ;  but,  like  the  other 
ants,  she  took  no  notice  whatever  of  the  sounds. 

It  is  of  course  i)ossible,  if  not  probable,  that  ants, 
even  if  deaf  to  sounds  which  we  hear,  may  hear  others 
to  which  we  are  deaf. 

Having  failed,  therefore,  in  hearing  them  ox  making 
them  hear  me,  I  endeavoured  to  ascertain  whether  they 
could  hear  one  another. 

To  ascertain  then  if  possible  whether  ants  have  the 
I)ower  of  summoning  one  another  by  sound,  I  tried  the 
following  experiments.  I  put  out  (Sept.  1874)  on  the 
board  where  one  of  my  nests  of  La&ivs  jUwua  was 
usually  fed,  six  small  pillars  of  wood  about  an  inch 
and  a  half  high,  and  on  one  of  them  I  put  some 
honey.  A  number  of  ants  were  wandering  about  on 
the  board  itself  in  search  of  food,  and  the  nest  itself 
was  inmiediately  above,  and  about  12  inches  firom,  the 
board.  I  then  put  three  ants  to  the  honey,  and  when 
each  had  sufficiently  fed  I  imprisoned  her  and  put 
another;  thus  always  keeping  three  ants  at  the 
honey,  but  not  allowing  them  to  go  home.  If  then 
they  could  summon  their  friends  by  sound,  there 
ought  soon  to  be  many  ants  at  the  honey.  The  results 
were  as  follow : 
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September  8. — ^Began  at  11  a.m.  Up  to  a  o'clock 
only  seven  ants  found  their  way  to  the  honey,  while- 
about  as  many  ran  up  the  other  pillars.  The  arrival  of 
these  seven,  therefore,  was  not  more  than  would 
naturally  result  from  the  numbers  running  about  close 
by-  At  3  we  allowed  the  ants  then  on  the  honey  to 
return  home.  The  result  was  that  from  3.6,  when  the 
first  went  home,  to  3.30,  eleven  came ;  from  3.30  to  4, 
no  less  than  forty-three.  Thus  in  four  hours  only  seven 
came,  while  it  was  obvious  that  many  would  have 
wished  to  come,  if  they  had  known  about  the  honey, 
because  in  the  next  three  quarters  of  an  hour,  when 
they  were  informed  of  it,  fifty-four  came. 

On  September  10  I  tried  the  same  again,  keep- 
ing as  before  three  ants  always  on  the  honey,  but  not 
allowing  any  to  go  home.  From  12  to  5.30,  only  eight 
came.  Those  on  the  honey  were  then  allowed  to  take 
the  news  home.  From  5.30  to  6,  four  came;  from 
6  to  6.30,  four ;  from  6.30  to  7,  eight ;  from  7.30  to  8, 
no  less  than  fifty-one. 

On  September  23  we  did  the  same  again,  begin- 
ning at  11.15.  Up  to  3.45  nine  came.  The  ants 
on  the  honey  were  then  allowed  to  go  home.  From 
4  to  4.30  nine  came ;  from  4.30  to  5,  fifteen ;  from  5 
to  5.30  nineteen ;  from  5.30  to  6,  thirty-eight.  Thus 
in  three  and  a  half  hours  only  nine  came ;  in  two, 
when  the  ants  were  permitted  to  return,  eighty-one. 

Again,  on  September  30 1  tried  the  same  arrange- 
ment, again  beginning  at  11.     Up  to  3.30  seven  ants 
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came.  We  then  allowed  the  ants  which  had  fed  to 
go  home.  From  3.30  to  4.30  twenty-eight  came. 
From  4.30  to  5,  fifty-one  came.  Thus  in  four  hours 
and  a  half  only  seven  came ;  while  when  the  ants  were 
allowed  to  return  no  less  than  seventy-nine  came  in  an 
hour  and  a  half.  It  seems  obvious  therefore  that  in 
these  cases  no  communication  was  transmitted  by 
sound. 

Again,  Professor  Tyndall  was  good  enough  to  arrange 
for  me  one  of  his  sensitive  flames ;  but  I  could  not 
perceive  that  it  responded  in  any  way  to  my  ants.  The 
experiment  was  not,  however,  very  satisfectory,  as  I  was  not 
able  to  try  the  flame  with  a  very  active  nest.  Professor 
Bell  most  kindly  set  up  for  me  an  extremely  sensitive 
microphone  :  it  was  attached  to  the  underside  of  one  of 
my  nests ;  and  though  we  could  distinctly  hear  the  ants 
walking  about,  we  could  not  distinguish  any  other 
sound. 

It  is,  however,  far  from  improbable  tiiat  ants  may 
produce  sounds  entirely  beyond  our  range  of  hearing. 
Indeed,  it  is  not  impossible  that  insects  may  possess 
senses,  or  sensations,  of  which  we  can  no  more  form  an 
idea  than  we  should  have  been  able  to  conceive  red  or 
green  if  the  human  race  had  been  blind.  The  human 
ear  is  sensitive  to  vibrations  reaching  at  the  outside  to 
38,000  in  a  second.  The  sensation  of  red  is  produced 
when  470  millions  of  millions  of  vibrations  enter  the 
eye  in  a  similar  time ;  but  between  these  two  numbers, 
vibrations  produce  on  us  only  the  sensation  of  heat ; 
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we  have  no  special  organs  of  sense  adapted  to  them. 
There  is,  however,  no  reason  in  the  nature  of  things 
why  this  should  be  the  case  with  other  animals ;  and 
the  problematical  organs  i)ossessed  by  many  of  the 
lower  forms  may  have  relation  to  sensations  which  we 
do  not  perceive.  If  any  apparatus  could  be  devised 
by  which  the  number  of  vibrations  produced  by  any 
given  cause  could  be  lowered  so  as  to  be  brought  within 
the  range  of  our  ears,  it  is  probable  that  the  result 
would  be  most  interesting. 

Moreover,  there  are  not  wanting  observations  which 
certainly  seem  to  indicate  that  ants  possess  some  sense 
of  hearing. 

I  am,  for  instance,  indebted  to  Mr.  Francis  Galton 
for  the  following  quotation  from  Colonel  Long's  recent 
work  on  Central  Africa.*  '  I  observed,'  he  says,  *  the 
manner  of  cat-ching  them '  (the  ants,  for  food),  *  as  here 
pictured'  (he  gives  a  figure).  *  Seated  round  an  ant- 
hole  were  two  very  pretty  maidens,  who  with  sticks 
beat  upon  an  inverted  gourd,  "bourmah,"  in  cadenced 
time  to  a  not  unmusical  song,  that  seduced  from  its 
hole  the  unwary  ant,  who,  approaching  the  orifice,  was 
quickly  seized.'    (The  species  of  ant  is  not  mentioned.) 

Moreover,  there  are  in  the  antennae  certain  remark- 
able structures,  which  may  very  probably  be  auditory 
organs. 

These  curious  organs  (Fig.  6)  were  first  noticed, 

>  Central  Africa^  by  Col.  C.  C.  Long,  p.  274. 
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•80  far  as  I  am  aware,  by  Dr.  J.  Braxton  Hicks  in  his  ex- 
<;ellent  paper  on  the  *  Antennae  of  Insects,'  published  in 
the 22nd  volume  of  the  ^Linnsean  Transactions;'  and, 
again,  by  Dr.  Forel  in  his  *Fourmis  de  la  Suisse. 
They  certainly  deserve  more  attention  than  they  have 
yet  received.  The  cork-shaped  organs  (Figs.  6  and  7,  e  e) 
occur  in  allied  species;  but  these  stethoscope-like 
organs  have  not,  so  far  as  I  am  aware,  been  yet 
observed  in  other  insects.  They  consist  of  an  outer 
sac  (Figs.  6  and  7,  «),  of  a  long  tube  (f),  and  a  posterior 
chamber  (w\  to  which  is  given  a  nerve  {n). 

Forel*   also  describes  these   curious  organs.     He 
appears  to  consider  that  the  number  varies  consider- 

Flg.6. 


Terminal  portion  of  antennse  of  JfymUoa  ruffiawdii  $  x  75. 

ably,  namely,  from  5  to  12.  My  own  impression  is 
that  this  difference  is  only  apparent,  and  that  in  reality 
the  numbers    in   each  species    vary  little.      Though 

^  Trims,  of  Zintupon  Soc.,  voL  xxii.  p.  391. 
'  Fourmu  de  la  Suisse,  p.  301. 
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sometimes  the  presence  of  air  renders  them  very  con- 
spicuous, they  are  in  others  by  no  means  easy  to  make 


Diagrammatic  s^tion  through  part  of  Fig.  6. 

c,  chitinous  skin  of  the  antenna,  e  e,  two  of  the  cork-shaped 
organs,  t,  external  chamber  of  one  of  the  stethoscope-shaped 
organs,    t,  the  tube,    w,  the  posterior  sac.    n,  the  nerve. 

out ;  and  I  think  that  when  a  small  number  only  are 
apparently  present,  this  is  probably  due  merely  to  the 
fact  that  the  others  are  not  brought  out  by  the  mode 
of  preparation. 

In  addition  to  the  group  of  these  organs  situated 
in  the  terminal  segment,  there  is  one,  or  in  some  rare 
cases  I  have  foimd  two,  in  each  of  the  small  preceding 
segments.  The  tubes  in  these  segments  appeared  to 
the  eye  to  be  nearly  of  the  same  length  as  those  in  the 
terminal  segment,  but  I  could  not  measure  their  exact 
length,  as  they  do  not  lie  flat.  In  some  cases,  when 
the  segment  was  short,  the  tube  was  bent — an  indica- 
tion, perhaps,  that  the  exact  length  is  of  importance. 
It  is  possible  that  these  curious  organs  may  be  audi- 
tory, and  serve  like  microscopic  stethoscopes.  Professor 
Tyndall,  who  was  good  enough  to  examine  them  with 
me,  concurred  in  the  opinion  that  this  was  very  pro- 
bable.    I  believe  I  am  correct  in  saying  that  the  bend- 
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ing  of  the  tube  in  the  short  segments  would  make 
little  diflFerenee  in  its  mod6  of  action. 

Kirby  and  Spenee  were,  I  believe,  the  first  to 
notice  that  an  insect  allied  to  the  ants  {Mutilla 
Europoea)  has  the  power  of  making  a  sibilant, 
•chirping  soimd,  but  they  did  not  ascertain  how 
this  was  eflFected.  Goureau  *  subsequently  called  at- 
tention to  the  same  fcict,  and  attributed  it  to  fric- 
tion of  the  base  of  the  third  segment  of  the  abdo- 
men against  the  second.  Westwood,^  on  the  other 
hand,  thought  the  soimd  was  produced  *  by  the  action 
-of  the  large  collar  against  the  front  of  the  mesothorax. 
Darwin,  in  his  *  Descent  of  Man,'  adopts  the  same  view. 
•*  I  find,'  he  says,^  *  that  these  surfaces  (i.e.  the  over- 
lapping portions  of  the  second  and  third  abdominal 
segments)  are  marked  with  very  fine  concentric  ridges, 
but  so  is  the  projecting  thoracic  collar,  on  which  the 
liead  articulates ;  and  this  collar,  when  scratched  with 
the  point  of  a  needle,  emits  the  proper  sound.'  Landois, 
^fter  referring  to  this  opinion,  expresses  himself  strongly 
in  opposition  to  it.  The  true  organ  of  soimd  is,  he 
maintains,^  a  triangular  field  on  the  upper  sur&ce  of 
the  fourth  abdominal  ring,  which  is  finely  ribbed,  and 
which,  when  rubbed,  emits  a  stridulating  sound.  It 
certainly  would  appear,  from  Landois'  observations, 
that  this  structure  does  produce  sound,  whether  or  not 

1  Ann,  de  la  Soc.  Ent.  de  Frwnoe,  1837. 
»  Modem  ClassifieaHons  of  IntecU^  vol.  ii. 
'  Detcent  of  M(m,  vol.  i.  p.  366. 
*  Thiergtimmen,  p.  132. 
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we  consider  that  the  friction  of  the  collar  against  the 
mesothorax  may  also  assist  in  doing  so. 

Under  these  circumstances,  Landois  asked  himself 
whether  other  genera  allied  to  Mutilla  might  not 
possess  a  similar  organ,  and  also  have  the  power  of  pro- 
ducing  sound.  He  first  examined  the  genus  Ponera, 
which,  in  the  structure  of  its  abdomen,  nearly  resem- 
bles Mutilla,  and  here  also  he  found  a  fully  developed 
stridulating  apparatus. 

He  then  turned  to  the  true  ants,  and  here  also  he- 
found  a  similar  rasp-like  organ  in  the  same  situation. 
It  is  indeed  true  that  ants  produce  no  soimds  which 
are  audible  by  us;  still,  when  we  find  that  certain 
allied  insects  do  produce  sounds  appreciable  to  us  by 
rubbing  the  abdominal  segments  one  over  the  other; 
and  when  we  find,  in  some  ants,  a  nearly  similar 
structure,  it  certainly  seems  not  unreasonable  ta 
conclude  that  these  latter  also  do  produce  soimds, 
even  though  we  cannot  hear  them.     Landois  describes 

Fig.  8. 


Attachment  of  abdominal  segments  of  Lanu$Jlavu$  $  x  225. 

the  structure  in  the  workers  of  LoBiua  fuliginoatua  as 
having  20  ribs  in  a  breadth  of  0*13  of  a  millimetre^ 
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but  he  gives  no  figure.  In  Fig.  8  I  hare  represented 
the  junction  of  the  second  and  third  abdominal  seg- 
ments in  Loams  flavua,  x  226^  as  shown  in  a  longi- 
tudinal and  vertical  section.  There  are  about  ten 
well-marked  ribs  (r),  occupying  a  length  of  approxi- 
mately Y^  of  an  inch.  Similar  ridges  also  occur 
between  the  following  segments. 

In  connection  with  the  sense  of  hearing  I  may 
mention  another  very  interesting  structure.  In  the 
year  1844,  Von  Siebold  described  ^  a  remarkable  organ 
which  he  had  discovered  in  the  tibiae  of  the  front  legs 
of  OryUua^  and  which  he  considered  to  serve  for  the 
purpose  of  hearing.  These  organs  have  been  also 
studied  by  Burmeister,  Brunner,  Hensen,  Leydig,  and 
others,  and  have  recently  been  the  subject  of  a  mono- 
graph by  Dr.  V.  Graber,^  who  commences  his  memoir 
by  observing  that  they  are  organs  of  an  entirely  unique 
character,  and  that  nothing  corresponding  to  them 

Fig.  9. 


llbiaof  Lasiusflama  $  x75. 

occiu's  in  any  other  insects,  or  indeed  in  any  other 
Arthropods. 

*  Ueher  das  Stimm.  wnd  Oehororgcm  der  Orthopteren,  Wieg- 
mawCs  Art,f,  Natw.,  1844. 

'  JHe  Tympanalen  Sinnetapparate  der  Orthopteren,*  von  Dr 
Vitus  Graber,  1875. 
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I  have  therefore  been  very  much  interested  by  dis- 
covering (1875)  in  ants  a  structure  which  seems  in 
some  remarkable  points  to  resemble  that  of  the 
Orthoptera.  As  will  be  seen  from  a  glance  at  Dr. 
Graber's  memoir,  and  the  plates  which  accompany  it, 
the  large  trachea  of  the  leg  in  the  Orthoptera  is  con- 
siderably swollen  in  the  tibia,  and  sends  off,  shortly 
after  entering  the  tibia,  a  branch  which,  after  running 
for  some  time  parallel  to  the  principal  trunk,  joins  it 
again.  See,  for  instance,  in  his  monograph,  plate  ii., 
fig.  43 ;  plate  vi.,  fig.  69  ;  plate  vii.,  fig.  77  ;  &c. 

Now,  I  have  observed  that  in  many  other  insects  the 
tracheae  of  the  tibia  are  dilated,  and  in  several  I  have 
been  able  to  detect  a  recurrent  branch.  The  same  is 
also  the  case  in  some  mites.  I  will,  however,  reserve 
what  I  have  to  say  on  this  subject,  with  reference  to 
other  insects,  for  another  occasion,  and  will  at  present 
confine  myself  to  the  ants.  If  we  examine  the  tibia, 
say  of  Laaius  flavus,  Fig.  9,  we  shall  see  that  the 
trachea  presents  a  remarkable  arrangement,  which  at 
once  reminds  us  of  that  which  occurs  in  Gryllus  an,d 
other  Orthoptera.  In  the  femur  it  has  a  diameter  of 
about  3  ^Q  Q  of  an  inch ;  as  soon,  however,  as  it  enters 
the  tibia,  it  swells  to  a  diameter  of  about  j^  of  an 
inch,  then  contracts  again  to  ^^,  and  then  again,  at 
the  apical  extremity  of  the  tibia,  once  more  expands 
to  y^.  Moreover,  as  in  GrylluSf  so  also  in  Formica^  a 
small  branch  rises  from  the   upper   sac,  runs  almost 
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:straight  down  the  tibia,  and  falls  again  into  the  main 
trachea  just  above  the  lower  sac. 

The  remarkable  sacs  (Fig.  9,  8  s)  at  the  two  ex- 
tremities of  the  trachea  in  the  tibia  may  also  be  well 
seen  in  other  transparent  species,  such,  for  instance, 
^18  Myrmica  ruginodia  and  Pheidole  megacephcda. 

At  the  place  where  the  upper  tracheal  sac  con- 
iiracts  (Fig.  9),  there  is,  moreover,  a  conical  striated 
organ  (a;),  which  is  situated  at  the  back  of  the  leg,  just 
at  the  apical  end  of  the  upper  tracheal  sac.  The 
broad  base  lies  against  the  external  wall  of  the  leg,  and 
the  fibres  converge  inwards.  In  some  cases  I  thought 
I  could  perceive  indications  of  bright  rods,  but  I  was 
never  able  to  make  them  out  very  clearly.  This  also 
reminds  us  of  a  curious  structure  which  is  found  in  the 
tibiae  of  Locustidae,  between  the  trachea,  the  nerve, 
:and  the  outer  wall,  and  which  is  well  shown  in  some  of 
Dr.  Graber's  figures. 

On  the  whole,  then,  though  the  subject  is  still 
involved  in  doubt,  I  am  disposed  to  think  that  ants 
perceive  sounds  which  we  cannot  hear. 

The  Sense  of  Smell. 

I  have  also  made  a  number  of  experiments  on  the 
power  of  smell  possessed  by  ants.  I  dipped  camel's-hair 
brushes  into  peppermint-water,  essence  of  cloves,  laven- 
•der-water,  and  other  strong  scents,  and  suspended  them 
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about  i  of  an  inch  above  the  strips  of  paper  along  which 
the  ants  were  passing,  in  the  experiments  above  recorded- 
Under  these  circumstances,  while  some  of  the  ants  passed 
on  without  taking  any  notice,  others  stopped  when  they 
came  close  to  the  pencil,  and,  evidently  perceiving  the 
smell,  turned  ba<;k.  Soon,  however,  they  returned  and 
passed  the  scented  pencil.  After  doing  this  two  or 
three  times,  they  generally  took  no  further  notice  of 
the  scent.  This  experiment  left  no  doubt  on  my  mind ;, 
still,  to  make  the  matter  even  more  clear,  I  experi- 
mented with  ants  placed  on  an  isolated  strip  of  paper. 
Over  the  paper,  and  at  such  a  distance  as  almost,  but 
not  quite,  to  touch  any  ant  which  passed  under  it,  I 
again  suspended  a  camel's-hair  brush,  dipped  in  assa- 
foetida,  lavender-water,  peppermint-water,  essence  of 
cloves,  and  other  scents.  In  this  experiment  the 
results  were  very  marked ;  and  no  one  who  watched 
the  behaviour  of  the  ants  under  these  circumstances 
could  have  the  slightest  doubt  as  to  their  power  of 
smell. 

I  then  took  a  large  female  of  F.  ligniperda  and 
tethered  her  on  a  board  by  a  thread  as  before.  When 
she  was  quite  quiet  I  tried  her  with  the  tuning-forks;, 
but  they  did  not  disturb  her  in  the  least.  I  then  ap- 
proached the  feather  of  a  pen  very  quietly,  so  as  almost 
to  touch  first  one  and  then  the  other  of  the  antennae,., 
which,  however,  did  not  move.  I  then  dipped  the  pen 
in  essence  of  musk  and  did  the  same ;  the  antenna^ 
was  slowly  retracted  and  drawn  quite  back.     I  then. 
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repeated  the  same  with  the  other  antenna.  If  I 
touched  the  antenna,  the  ant  started  away,  apparently 
smarting.  I  repeated  the  same  with  essence  of  laven- 
der, and  with  a  second  ant.  The  result  was  the  same. 
Many  of  my  other  experiments — for  instance,  some 
of  those  recorded  in  the  next  chapter — point  to  the 
same  conclusion ;  and,  in  fact,  there  can  be  no  doubt 
whatever  that  in  ants  the  sense  of  smell  is  highly 
developed. 
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CHAPTEE  IX. 

GENERAL  INTELUGENCE,  AND  POWER  OF  FINDING 
THEIR  WAY. 

A  NUMBER  of  interesting  anecdotes  are  on  record  as  to 
the  ingenuity  displayed  by  ants  under  certaia  circum- 
stances. 

M.  Lund,  for  instance,  tells  the  following  story  as 
bearing  on  the  intelligence  of  ants  :^ — 

<  Passant  un  jour  pr^s  d'un  arbre  presque  isole,  je 
fus  surpris  d'entendre,  par  un  temps  calme,  des  feuilles 
qui  tombaient  comme  de  la  pluie.  Ce  qui  augmenta 
mon  etonnement,  c'est  que  les  feuilles  d^tach^es  avaient 
leur  couleur  naturelle,  et  que  I'arbre  semblait  jouir  de 
toute  sa  vigueur.  Je  m'approchai  pour  trouver  I'expli- 
cation  de  ce  phenom^ne,  et  je  vis  qu'a  peu  prfes  sur 
chaque  petiole  6tait  postee  une  fourmi  qui  travaillait 
de  toute  sa  force ;  le  petiole  ^tait  bientot  coup6  et  la 
feuille  tombait  par  terre.  Une  autre  scfene  se  passait 
au  pied  de  I'arbre :  la  terre  etait  couverte  de  fourmis 
occupees  a  decouper  les  feuilles  a  mesure  qu'elles  tom- 
baient, et  les  morceaux  etaient  sur  le  champ  transport's 
dans  le  nid.     En  moins  d'une  heure  le  grand  oeuvre 

»  Ann,  des  Set.  ma.  1831,  p.  112. 
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8'accomplit  sous  mes  yeux,  et  I'arbre  resta  enti^rement 
depouille.' 

Bates  *  gives  an  apparently  similar,  but  really  very 
diflFerent  account.  *  The  Saiiba  ants,'  lie  says,  *  mount 
the  tree  in  multitudes,  the  individuals  being  all 
worker-minors.  Each  one  places  itself  on  the  surface 
of  a  leaf,  and  cuts  with  its  sharp  scissor-like  jaws  a 
nearly  semicircular  incision  on  the  upper  side ;  it  then 
takes  the  edge  between  its  jaws,  and  by  a  sharp  jerk 
detaches  the  piece.  Sometimes  they  let  the  leaf  drop  to 
the  ground,  where  a  little  heap  accumulates,  imtil  carried 
oflf  by  another  relay  of  workers  ;  but,  generally,  each 
marches  oflf  with  the  piece  it  has  operated  upon.' 

Dr.  Kemer  recounts*  the  following  story  commimi- 
cated  to  him  by  Dr.  Gredler  of  Botzen : — 

*  One  of  his  colleagues  at  Innsbruck,  says  that 
gentleman,  had  for  months  been  in  the  habit  of  sprink- 
ling pounded  sugar  on  the  sill  of  his  window,  for  a 
train  of  ants,  which  passed  in  constant  procession  from 
the  garden  to  the  window.  One  day,  he  took  it  into 
his  head  to  put  the  pounded  sugar  into  a  vessel, 
which  he  fastened  with  a  string  to  the  transom  of  the 
window;  and,  in  order  that  his  long-petted  insects 
might  have  information  of  the  supply  suspended  above, 
a  number  of  the  same  set  of  ants  were  placed  with  the 
sugar  in  the  vessel.     These  busy  creatures  forthwith 

*  JVaturaligt  on  the  Amazons,  vol.  i.  p.  26. 

'  Floivers  and  their  Unbidden  Gnests,  Dr.  A.  Kerner.    Trans,  by 
W.  Ogle,  1878,  p.  21. 
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seized  on  the  particles  of  sugar,  and  soon  discovering 
the  only  way  open  to  them,  viz.  up  the  string,  over 
the  transom  and  down  the  window-frame,  rejoined  their 
fellows  on  the  sill,  whence  they  could  resume  the  old 
route  down  the  steep  wall  into  the  garden.  Before 
long  the  route  over  the  new  track  from  the  sill  to  the 
sugar,  by  the  window-frame,  transom,  and  string  was 
completely  established;  and  so  passed  a  day  or  two 
without  anything  new.  Then  one  morning  it  was 
noticed  that  the  ants  were  stopping  at  their  old  place, 
that  is,  the  window-siU,  and  getting  sugar  there.  Not 
a  single  individual  any  longer  traversed  the  path  that 
led  thence  to  the  sugar  above.  This  was  not  because 
the  store  above  had  been  exhausted ;  but  because  some 
dozen  little  fellows  were  working  away  vigorously  and 
incessantly  up  aloft  in  the  vessel,  dragging  the  sugar 
crumbs  to  its  edge,  and  throwing  them  down  to 
their  comrades  below  on  the  sill,  a  sill  which  with 
their  limited  range  of  vision  they  could  not  possibly 
see ! ' 

Leuckart  also  made  a  similar  experiment.  Bound  a 
tree  which  was  frequented  by  ants,  he  spread  a  band 
soaked  in  tobacco  water.  The  ants  above  the  band 
after  awhile  let  themselves  drop  to  the  ground,  but 
the  ascending  ants  were  long  baffled.  At  length  he 
saw  them  coming  back,  each  with  a  pellet  of  earth  in 
its  mouth,  and  thus  they  constructed  a  road  for  them- 
selves, over  which  they  streamed  up  the  tree. 
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Dr.  Biiclmer  records  the  following  instance  on  the 
authority  of  a  friend  (M.  Theuerkauf) : — 

*  A  maple  tree  standing  on  the  ground  of  the 
manufacturer,  Vollbaum,  of  Elbing  (now  of  Dantzic) 
fiwarmed  with  aphides  and  ants.  In  order  to  check 
the  mischief,  the  proprietor  smeared  about  a  foot  width 
of  the  ground  round  the  tree  with  tar.  The  first  ants 
who  wanted  to  cross  naturally  stuck  fast.  But  what 
'did  the  next?  They  turned  back  to  the  tree  and 
<3arried  down  aphides,  which  they  stuck  down  on  the 
tar  one  after  another  until  they  had  made  a  bridge,  over 
which  they  could  cross  the  tar-ring  without  danger. 
The  above-named  merchant,  Vollbaum,  is  the  guarantor 
of  this  story,  which  I  received  from  his  own  mouth  on 
the  very  spot  whereat  it  occurred.'^ 

In  this  case  I  confess  I  have  my  doubts  as  to  the 
interpretation  of  the  feet.  Is  it  not  possible  that  as 
the  ants  descended  the  tree,  carrying  the  aphides,  the 
latter  naturally  stuck  to  the  tar,  and  would  certainly 
be  left  there.  In  the  same  way  I  have  seen  hundreds 
of  bits  of  earth  deposited  on  the  honey  with  which  I 
fed  my  ants. 

On  one  occasion  Belt  observed  ^  a  community  of 
leaf-cutting  ants  {(Ecodoma\  which  was  in  the  process 
of  moving  from  one  nest  to  another.  *  Between  the 
old  burrows  and  the  new  one  was  a  steep  slope.  In- 
stead of  descending  this  with  their  burdens,  they  cast 

*  Miiid  in  Animals,  by  Prof.  Ludwig  Biichner,  p.  120. 
2  Naturalist  in  Mearoffita,  0.  Belt,  p.  76. 
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them  down  on  the  top  of  the  slope,  whence  they 
rolled  to  the  bottom,  where  another  relay  of  labourers 
picked  them  up  and  carried  them  to  the  new  burrow* 
It  was  amusing  to  watch  the  ants  hurrying  out  with 
bimdles  of  food,  dropping  them  over  the  slope,  and 
rushing  back  immediately  for  more.' 

With  reference  to  these  interesting  statements,  I 
tried  the  following  experiment : — 

October  15  (see   Fig.  10). — At  a  distance   of  10 
inches  from  the  door  of  a  nest  of  Laaiua  niger  I  fixed 
Fig.  10.  an  upright  ash  wand  3  feet  6  inches 

high  (a),  and  from  the  top  of  it 
I  suspended  a  second,  rather  shorter 
wand  (6).  To  the  lower  end  of  this 
i  second  wand,  which  hung  just  over  the 
\^  entrance  to  the  nest  (c),  I  fastened 
a  flat  glass  cell  (d)  in  which  I  placed  a  number  of  larvae, 
and  to  them  I  put  three  or  four  specimens  of  L,  niger. 
The  drop  from  the  glass  cell  to  the  upper  part  of  the 
frame  was  only  ^  an  inch;  still,  though  the  ants 
reached  over  and  showed  a  great  anxiety  to  take  this 
short  cut  home,  they  none  of  them  faced  the  leap,  but 
all  went  round  by  the  sticks,  a  distance  of  nearly  7 
feet.  At  6  p.m.  there  were  over  550  larvae  in  the  glass 
cell,  and  I  reduced  its  distance  from  the  upper  surface 
of  the  nest  to  about  f  of  an  inch,  so  that  the  ants 
could  even  touch  the  glass  with  their  antennae,  but 
could  not  reach  up  nor  step  down.  Still,  though  the 
drop  was  so  small,  they  all  went  round.     At  11  p.m.  the 
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greater  number  of  the  larvae  had  been  carried  oflF;  so 
I  put  a  fresh  lot  in  the  cell.  The  ants  were  busily  at 
work.  At  3  A.M.  I  visited  them  again.  They  were 
still  carrying  off  the  larvae,  and  all  going  round.  At 
6  A.M.  the  larvae  were  all  removed.  I  put  a  fresh  lot, 
and  up  to  9  a.m.  they  went  on  as  before. 

The  following  day  (October  17)  I  took  two  longer 
sticks,  each  6  feet  6  inches  in  length,  and  arranged 
them  in  a  similar  manner,  only  horizontally  instead  of 
vertically.  I  also  placed  fine  earth  imder  the  glass 
supporting  the  larvae.  At  8  o'clock  I  placed  an  ant  on 
the  larvae ;  she  took  one,  and  I  then  coaxed  her  home 
along  the  sticks.  She  deposited  her  larva  and  im- 
mediately came  out  again,  not,  however,  going  along 
the  stick,  but  under  the  larvae,  vainly  reaching  up  and 
endeavouring  to  reach  the  glass.  At  8.30  I  put  her 
on  the  larvae  again,  and  as  she  evidently  did  not  know 
her  way  home,  but  kept  stretching  herself  down  and 
trying  to  reach  the  earth  under  the  glass  cell,  I  again 
coaxed  her  home  along  the  sticks.  At  9.3  she  came 
out  again,  and  again  went  under  the  larvae  and  wandered 
about  there.  At  10  I  put  her  on  the  larvae  and  again 
helped  her  home.  At  10.15  she  came  out  again,  and 
this  time  went  to  the  stick,  but  still  wanted  some 
guidance.  At  10.45  she  again  reached  the  frame,  but 
immediately  came  out  again,  and  I  once  more  coaxed 
her  roimd.  After  wandering  about  some  time  with  a 
larva  in  her  mouth,  she  dropped  down  at  11.14.  After 
depositing  her  larva,  she  came  out  directly  and  went 
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under  the  larvae.  I  again  coaxed  her  round,  and  this 
time  also  ahe  dropped  off  the  glass  with  her  larva.  At 
12.30  she  came  out  again,  and  for  the  last  time  I 
helped  her  round.  After  this  she  found  her  way  by 
herself.  At  12.20  another  (No.  2)  found  har  way 
round  and  returned  at  12.37.  For  the  next  hour  their 
times  were  as  follows : — 

No.  1.  No.  2. 

12.46 


12.54 

1.  1 

1.  7 

1.12 
1.19 
1.26 
1.32 
1.38 
1.45 
1.52 


Thus  they  both  made  9  visits  in  an  hour.    As 
regards  actual  pace,  I  found  they  both  did  about  6  feet 


12.47 

12.54 

1.  0 

1.  8 

1.14 

1.21 

1.28 

1.34 

1.41 

1.47 

1.54 
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in  a  minute.  Soon  after  these  began,  other  ants  came 
with  them.  It  was  a  beautiful  day,  and  all  my  ants 
were  unusually  active.  At  1  p.m.  I  counted  10  on  the 
sticks  at  once,  by  1.30  over  30,  and  at  5  in  the  after- 
noon over  60.  They  went  on  working  very  hard,  and 
forming  a  continuous  stream  till  I  went  to  bed  at  11 ; 
and  at  4  in  the  morning  I  found  them  still  at  work ; 
but  though  they  were  very  anxious  and,  especially  at 
first,  tried  very  hard  to  save  themselves  the  trouble  of 
going  round,  they  did  not  think  of  jumping  down,  nor 
did  they  throw  the  larvae  over  the  edge. 

Moreover,  as  I  had  placed  some  sifted  mould  under 
the  glass,  a  minute's  labour  would  have  been  suflScient 
to  heap  up  one  or  two  particles,  and  thus  make  a  little 
mound  which  would  have  enabled  them  to  get  up  and 
down  without  going  round.  A  mound  J  inch  high 
would  have  been  suflBcient;  but  it  did  not  occur  to 
them  to  form  one. 

The  following  morning  (October  18)  I  put  out  some 
larvae  again  at  6  a.m.  Some  of  the  ants  soon  came ; 
and  the  same  scene  continued  till  11.30  A.M.,  when  I 
left  oflF  observing. 

Again,  on  October  22,  I  placed  a  few  larvae  in  a 
glass,  which  I  kept  continually  replenished,  which 
was  suspended  ^  of  an  inch  above  the  surface  of  the 
frame  containing  their  nest,  but  only  connected  with  it 
by  tapes  five  feet  long.  I  then,  at  6.30,  put  a  L.  niger 
to  the  larvae ;  she  took  one  and  tried  hard  to  reach 
down,  but  could  not  do  so,  and  would  not  jump ;  so  I 
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coaxed  her  round  the  tapes.  She  went  into  the  nest^ 
deposited  her  larva,  and  immediately  came  out  again* 
I  put  her  back  on  the  larvdB  at  7.15 ;  she  took  one,  and 
again  tried  hard,  but  ineffectually,  to  reach  down.  I 
therefore  again  coaxed  her  round.  She  went  into  the 
nest,  deposited  her  larva,  and  came  out  again  directly 
as  before.  I  put  her  back  on  the  larvae  at  7.35,  when 
the  same  thing  happened  again.  She  got  back  to  the 
nest  at  7.40,  and  immediately  came  out  again.  This 
time  she  foimd  her  way  round  the  string,  with  some 
help  from  me,  and  reached  the  larvae  at  7.50.  I  helped 
her  home  for  the  last  time.  The  next  journey  she 
found  her  way  without  assistance,  and  reached  the 
larvae  at  8.26.  After  this  she  returned  as  follows, 
viz.: — 

At  8.50 
9.  0 
9.10 
9.17 
9.28 

I  now  made  the  length  of  the  journey  round  the 
tapes  10  feet.     This  puzzled  her  a  little  at  first. 
She  returned  as  follows  :— 


9.41 

9.55 

10.  8 

10.16 

10.26 


10.35 
10.44 
10.54 
11.  6 
11.14withafiiend 
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I  now  increased  the  length  to  16  feet,  and  watched 
her  while  she  made  thirty  journeys  backwards  and 
forwards.  She  also  brought  during  the  time  seven* 
friends  with  her. 

It  surprised  me  very  much  that  she  preferred  to  goi 
so  fejf  round  rather  than  to  face  so  short  a  drop.. 

In  illustration  of  the  same  curious  feict,  I  several 
times  put  specimens  of  L.  niger  on  slips  of  glass  raised 
only  one-third  of  an  inch  from  the  surface  of  the  nest. 
They  remained  sometimes  three  or  four  hours  running 
about  on  the  glass,  and  at  last  seemed  to  drop  off 
accidentally. 

Myrmica  rugi/aodis  has  the  same  feeling.  One 
morning,  for  instance,  I  placed  one  in  an  isolated 
position,  but  so  that  she  could  escape  by  dropping  one- 
third  of  an  inch.  Nevertheless  at  the  same  hour  on 
the  following  morning  she  was  still  in  captivity,  having 
remained  out  twenty-four  hours  rather  than  let  herself 
down  this  little  distance. 

Again  I  filled  a  saucer  (woodcut.  Fig.  11,  s)  with 
water  and  put  in  it  a  block  of  wood  (w),  on  the  top  of 
which  I  fastened  a  projecting  wooden  rod  (b),  on  the 
end  of  which  I  placed  a  shallow  glass  cell  (a)  containing 
several  hxmdred  larvae.  From  this  cell  I  allowed  a  slip 
of  paper  (p)  to  hang  down  to  within  -^  of  an  inch 
of  the  upper  surface  of  the  nest.  At  one  side  I  put 
another  block  of  wood  (c)  with  a  lateral  projection 
(d)  which  himg  over  the  cell  containing  the  larvae. 
I  then  made  a  connexion  between  n  and  A,  so  that  ants 
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could  ascend  c,  and,  passing  over  d,  descend  upon  the 
larvae.  I  then  put  some  specimens  of  Laaivs  niger  to 
the  larvse,  and  soon  a  large  number  of  ants  were  en- 
gaged in  carrying  off  the  larvae.  When  this  had  con- 
tinued for  about  three  hours,  I  raised  D  -^  of  an  inch 
above  A.  The  ants  kept  on  coming  and  tried  hard  to- 
reach  down  from  D  to  A,  which  was  only  just  out  of 
their  reach.  Two  or  three,  in  leaning  over,  lost  their 
foothold  and  dropped  into  the  larvae;  but  this  was 
obviously  an  accident ;  and  after  a  while  they  all  gave 
up  their  efforts,  and  went  away,  losing  their  prize,  in 
spite  of  most  earnest  efforts,  rather  than  drop  -^  of 

an  inch. 

Fig.  11. 

D 

A    I 


At  the  moment  when  the  separation  was  made  there 
were  fifteen  ants  on  the  larvae.  These  could,  of  course, 
have  returned  if  one  had  stood  still  and  allowed  the 
others  to  get  on  its  back.  This,  however,  did  not 
occur  to  them ;  nor  did  they  think  of  letting  themselves 
drop  from  the  bottom  of  the  paper  on  to  the  nest. 
Two  or  three,  indeed,  fell  down,  I  have  no  doubt,  by 
accident ;  but  the  remainder  wandered  about,  until  at 
length  most  of  them  got  into  the  water.  After  a  time 
the  others  abandoned  altogether  as  hopeless  the  attempt 
to  get  at  the  larvae. 

I  waited  about  six  hours,  and  then  again  placed  the 
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glass  (a)  containing  the  larvsB  so  as  to  touch  the  piece 
of  wood  (d),  and  again  put  some  ants  to  the  larvae. 
Soon  a  regular  string  of  ants  was  established ;  when  I 
again  raised  the  wood  (d)  ^  of  an  inch  above  the  glass 
(a),  exactly  the  same  result  occurred.  The  ants  bent 
over  and  made  every  effort  to  reach  the  larvae,  but  did 
not  drop  themselves  down,  and  after  a  while  again 
abandoned  all  hope  of  getting  the  larvae. 

In  order  to  test  their  intelligence,  it  has  always 
seemed  to  me  that  there  was  no  better  way  than  to 
ascertain  some  object  which  they  would  clearly  desire, 
and  then  to  interpose  some  obstacle  which  a  little 
ingenuity  would  enable  them  to  overcome.  Following 
up,  then,  the  preceding  observations,  I  placed  some 
larvae  in  a  cup  which  I  put  on  a  slip  of  glass  surrounded 
by  water,  but  accessible  to  the  ants  by  one  pathway  in 
which  was  a  bridgje  consisting  of  a  strip  of  paper  f 
inch  long  and  ^  inch  wide.  Having  then  put  a  Loams 
niger  from  one  of  my  nests  to  these  larvae,  she  began 
carrying  them  off,  and  by  degrees  a  number  of  friends 
came  to  help  her.  I  then,  when  about  twenty-five  ants 
were  so  engaged,  moved  the  little  paper  bridge  slightly, 
so  as  to  leave  a  chasm,  just  so  wide  that  the  ants  could 
not  reach  across.  They  came  and  tried  hard  to  do  so ; 
but  it  did  not  occur  to  them  to  push  the  paper  bridge, 
though  the  distance  was  only  about  ^  inch,  and  they 
might  easily  have  done  so.  After  trying  for  about  a 
quarter  of  an  hour,  they  gave  up  the  attempt  and  re- 
turned home.    This  I  repeated  several  times. 
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Then,  thinking  that  paper  was  a  substance  to  which 
they  were  not  accustomed,  I  tried  the  same  with  a  bit 
of  straw  1  inch  long  and  J  inch  wide.  The  result  was 
the  same.     I  repeated  this  more  than  once. 

Again  I  suspended  some  honey  over  a  nest  of 
Lasi/us  fiavus  at  a  height  of  about  ^  an  inch,  and 
accessible  only  by  a  paper  bridge  more  than  10  feet 
long.  Under  the  glass  I  then  placed  a  small  heap  of 
earth.  The  ants  soon  swarmed  over  the  earth  on  to  the 
glass,  and  began  feeding  on  the  honey.  I  then 
removed  a  little  of  the  earth,  so  that  there  was  an 
interval  of  about  J  of  an  inch  between  the  glass  and 
the  earth ;  but,  though  the  distance  was  so  small,  they 
would  not  jump  down,  but  preferred  to  go  round  by  the 
long  bridge.  They  tried  in  vain  to  stretch  up  from  the 
earth  to  the  glass,  which,  however,  was  just  out  of  their 
reach,  though  they  could  touch  it  with  their  antennae ; 
but  it  did  not  occur  to  them  to  heap  the  earth  up  a 
little,  though  if  they  had  moved  only  half  a  dozen 
particles  of  earth  they  would  have  secured  for  them- 
selves direct  access  to  the  food.  This,  however,  never 
occurred  to  them.  At  length  they  gave  up  all  attempts 
to  reach  up  to  the  glass,  and  went  round  by  the  paper 
bridge.  I  left  the  arrangement  for  several  weeks,  but 
they  continued  to  go  round  by  the  long  paper  bridge. 

Again  I  varied  the  experiment  as  follows : — Having 
left  a  nest  without  food  for  a  short  time,  I  placed  some 
honey  on  a  small  wooden  brick  surrounded  by  a  little 
moat  of  glycerine  ^  an  inch  wide  and  about  ^  of 
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an  inch  in  depth.  Over  this  moat  I  then  placed  a 
paper  bridge,  one  end  of  which  rested  on  some  fine 
mould.  I  then  put  an  ant  to  the  honey,  and  soon  a 
little  crowd  was  collected  round  it,  I  then  removed 
the  paper  bridge;  the  ants  could  not  cross  the 
glycerine ;  they  came  to  the  edge  and  walked  roimd  and 
round,  but  were  unable  to  get  across,  nor  did  it  occur 
to  them  to  make  a  bridge  or  bank  across  the  glycerine 
with  the  mould  which  I  had  placed  so  conveniently  for 
them.  I  was  the  more  surprised  at  this  on  account  of 
the  ingenuity  with  which  they  avail  themselves  of  earth 
for  constructing  their  nests.  For  instance,  wishing,  if 
possible,  to  avoid  the  trouble  of  frequently  moistening 
the  earth  in  my  nests,  I  supplied  one  of  my  commimities 
of  Lasiua  flavua  with  a  frame  containing,  instead  of 
earth,  a  piece  of  linen,  one  portion  of  which  projected 
beyond  the  frame  and  was  immersed  in  water.  The 
linen  then  sucked  up  the  water  by  capillary  attraction, 
and  thus  the  air  in  the  frame  was  kept  moist.  The 
ants  approved  of  this  arrangement,  and  took  up  their 
quarters  in  the  frame.  To  minimize  evaporation  1 
usually  closed  the  frames  all  round,  leaving  only  one  or 
two  small  openings  for  the  ants,  but  in  this  case  I  left 
the  outer  side  of  the  frame  open.  The  ants,  however, 
did  not  like  being  thus  exposed  ;  they  therefore  brought 
earth  from  some  little  distance,  and  built  up  a  regular 
wall  along  the  open  side,  blocking  up  the  space  between 
the  upper  and  lower  plates  of  glass,  and  leaving  only 
one  or  two  small  openirigs  for  themselves.     This  struck. 
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me  as  very  ingenious.  The  same  expedient  was,  more- 
over, repeated  under  similar  circumstances  by  the 
slaves  belonging  to  my  nest  of  Polyergus. 

The  facility  or  diflSculty  with  which  ants  find  their 
way,  while  it  partly  fells  within  the  section  of  the 
subject  dealing  with  their  organs  of  sense,  is  also 
closely  connected  with  the  question  of  their  general 
intelligence. 

Partly,  then,  in  order  to  test  how  far  they  are 
guided  by  sight,  partly  to  test  their  intelligence,  I 
made  various  observations  and  experiments,  the  ac- 
companying woodcuts  being  reduced  copies  of  tracings 
of  some  of  the  routes  followed  by  the  ants  during  the 
course   of  the  observations. 

I  may  here  note  that  the  diagrams  Figs.  12-17  are 
careful  reductions  of  large  tracings  made  during  the 
experiment^.  Though  not  absolutely  correct  in  every 
minute  detail  of  contour,  they  are  exact  for  all  practical 
purposes.  As  the  ants  pursued  their  way,  pencil-mark- 
ings in  certain  instances,  and  coloured  lines  in  others, 
were  made  so  as  to  follow  consecutively  the  paths 
pursued. 

Eocperiment  1. — February.  On  a  table  communi- 
cating with  one  of  iny  nests  (see  Fig.  12)1  placed  upright 
a  common  cylindrical  lead  pencil  J  inch  in  diameter, 
and  7  inches  long,  festened  with  sealing-wax  to  a 
penny  piece.  Close  to  the  base  of  the  pencil  (a)  I 
brought  the  end  of  a  paper  bridge  (b)  leading  to  the 
nest,  and  then  placed  a  shallow  glass  with  larvse  at  c. 
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4  inches  from  the  base  of  the  pencil.  I  then  put  an 
ant  to  the  larvae;  when  she  had  become  acquainted 
with  the  road,  she  went  very  straight,  as  is  shown  in 
the  woodcut  (Fig.  12).  In  one  case,  at  the  point  E,  she 
dropped  her  larva  and  returned  for  another.  When 
Fig.  12.     . 


Bontes  foUowed  in  experiment  No.  1,  as  detailed  abova 

A,  position  of  pencil.  B,  pUper  bridge,  c  and  d,  glass  with  larvae. 
E,  point  where  larva  dropped,  the  opposite  arrow  and  loop  marking 
return  route.  1, 2,  3,  4,  comparatively  straight  paths  to  the  glass. 
5,  5,  circuitous  route  on  shifting  of  glass.    ^^  different  access  to  nest. 

she  returned  on  the  next  journey  and  was  on  the  glass, 
I  moved  it  3  inches,  to  D,  so  that  the  end  of  the  glass 
was  6  inches  from  the  base  of  the  pencil.  If  she  were 
much  guided  by  sight,  then  she  would  have  had  little 
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or  no  diflSculty  in  finding  her  way  back.  Her  pathway, 
however  (No.  5),  which  is  traced  on  the  paper,  shows 
that  she  was  completely  abroad ;  and,  after  all,  she  got 
back  to  the  nest  by  a  different  route. 

Fig.  13. 


Boutes  followed  in  experiment  No.  2,  as  mentioned  in  text. 

B,  paper  bridge  leading  to  nest,  c,  glass  tray  with  larvae,  in  its 
first  position  ;  and  D  in  its  position  when  shifted,  1,  2,  3,  4,  thin 
white  lines  indicating  the  comparatively  straight  rentes.  5,  thick 
white  line,  and  6,  dotted  line  showing  tortnons  paths  when  glass  had 
been  altered  in  position.    The  arrows  indicate  directioDs  traveUed. 
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I  then  varied  the  experiment  as  subjoined,  and  as 
shown  in  the  woodcut  (Fig.  13). 

Experiment  2. — I  connected  the  table  with  the 
nest  by  a  paper  bridge,  the  end  of  which  is  shown 
at  B  (Fig.  13),  and  which  came  down  about  an  inch 
from  the  pole  supporting  the  nest  (see  Fig.  1).  This 
pole  rose  18  inches  above  the  table.  I  then  put  the 
glass  tray  (c)  with  larvae  as  before,  12  inches  from 
the  base  of  the  pole,  and  put  an  ant  to  the  larvae. 
When  she  had  learnt  her  way  I  traced  four  of  her 
routes,  as  shown  in  the  thin  lines  1,  2,  3,  4.  I  then 
on  her  next  journey  (5,  thick  white  line)ywhen  she 
was  on  the  tray  (c),  moved  it  three  inches  to  D,  as 
shown  in  the  figure,  and  again  traced  her  route.  The 
contrast  is  very  striking  between  the  relatively  straight 
thin  white  lines  1,  2,  3,  4  of  the  four  journeys  when 
familiar  with  the  road ;  whereas  in  the  broad  white  line 
No.  5  the  zigzag  twistings  show  how  much  difficulty 
the  ant  experienced  in  finding  her  way.  When  she  re- 
turned I  again  moved  the  tray  as  before,  and  the  dotted 
sinuous  white  line  (6)  shows  the  course  she  followed. 

JEayperiment  3. — I  then  again  varied  the  experi- 
ment as  follows : — I  placed  the  larvae  in  a  small  china 
cup  on  the  top  of  the  pencil,  which  thus  formed  a 
column  7^  inches  high.  The  cross  line  close  to  the 
arrows  (Fig.  14)  is  as  before,  the  base  of  the  paper  bridge 
leading  to  the  nest,  c  shows  the  position  of  the  penny 
on  which  the  pencil  was  supported.  The  dotted  white 
lines  1,  2,  3, 4  show  the  routes  of  a  marked  ant  on  four 
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successive  journeys  from  the  nest  to  the  base  of  the 
pencil.  I  then  moved  the  pencil  6  inches  to  D,  and 
the  two  following  routes  are  marked  5  and  6,  In  one 
of  them,  5  (thick  white  line),  the  ant  found  a  stray 

Fig.  14. 


Bontes  followed  in  experiment  No.  3,  as  described  in  text. 

The  line  at  the  six  arrows  represents  a  paper  bridge  going  to  nest. 
C,  china  cup  on  top  of  pencil.  D,  pencil  moved.  K,  place  where 
a  stray  larva  was  found.  1,  2,  3,  4,  dotted  lines  show  the  neariy 
direct  journeys.  6,  thick  white  line  (crossing  c  in  black)  of  route 
returning  to  nest,  the  ant  having  picked  up  a  stray  larva  at  E.  6, 
very  circuitous  thin  white  line  of  track  from  nest  to  pencil  D. 
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iarva  at  E,with  which  she  returned  to  the  nest,  without 
finding  the  pencil  at  all.  On  the  following  journey, 
shown  in  the  fine  white  zigzag  line  (6),  she  found  the 
pencil  at  last,  but,  as  will  be  seen,  only  after  many 
meanderings. 

Fig.  15. 


Diagram  of  complex  path  traversed  in  experiment  4. 

A,  first  position  of  pencil.  B,  second  position  of  pencil.  1,  2, 
straight  lines  of  two  tracks  of  the  observed  ants.  3,  winding  narrow 
white  line,  showing  course  pursued  by  the  same  ant  before  arriving 
at  B,  when  the  position  of  the  pencil  was  unchanged. 

Experiment  4. — I  then  repeated  the  observation 
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on  three  other  ants  (see  Figs.  15-17)  with  the  same 
result :  the  second  was  7  minutes  before  she  found  the 
pencil,  and  at  last  seemed  to  do  so  accidentally ;  the 
third  actually  wandered  about  for  no  less  than  half  an 
hour  (Fig.  15),  returning  up  the  paper  bridge  several 
times. 

Other  experiments  somewhat  similar  to  the  pre- 

Fig.  16. 


Diagram  representing  three  tracks  of  an  ant  in  another  experiment. 

A,  the  first  position  of  pencil  and  the  food,  towards  which  and 
from  the  base-line  of  nest  1  and  2  lead  by  nearly  direct  broadish 
white  lines  to  A.  When  the  latter  was  removed  to  b  the  ant,  in  its 
effort  to  reach  this,  pursued  the  narrow  white  winding  line  ending 
in  3^ 

ceding,  the  results  of  which  are  shown  in  the  figures 
16  and  17,  seem  to  prove  that  this  species  of  ant,  at  any 
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rate,  guides  itself  but  little  by  sight.  This,  which  I 
had  not  at  all  anticipated,  seems  to  follow  from  the 
fact  that  after  the  pencil  and  tray  of  larvae  had  been 
removed  but  a  short  distance  to  the  right  or  left,  the 

Fi^.  17. 


Another  tracing  showing  a  similar  experiment.  1, 2,  3,  the  direct 
broad  lines  towards  A ;  and  4,  the  complicated  track  made  wheat 
reservoir  of  larvae  was  removed  to  b. 

ants  on  their  journey  to  the  shifted  object  travelled 
very  often  backwards  and  forwards  and  aroimd  the  spot 
where  the  coveted  object  first  stood.  Then  they  would 
retrace  their  steps  towards  the  nest,  wander  hither  and 
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thither  from  side  to  side  between  the  nest  and  the 
point  A,  and  only  after  very  repeated  efforts  around  the 
original  site  of  the  larvae  reach,  as  it  were  accidentally, 
the  object  desired  at  B. 

Another  evidence  of  this  consists  in  the  fact  that  if 
when  ants  {L.  niger)  were  carrying  oflf  larvae  placed  in  a 
cup  on  a  piece  of  board,  I  tiumed  the  board  round  so  that 
the  side  which  had  been  turned  towards  the  nest  was 
away  from  it,  and  vice  versa^  the  ants  always  returned 
over  the  same  track  on  the  board,  and,  in  consequence, 
directly  away  from  home. 

If  I  moved  the  board  to  the  other  side  of  my 
artificial  nest,  the  result  was  the  same.  Evidently  they 
followed  the  road,  not  the  direction. 

In  order  ftirther  to  test  how  far  ants  are  guided  by 
sight  and  how  much  by  scent,  I  tried  the  following  ex- 
periment with  Ldsius  niger.  Some  food  was  put  out  at 
the  point  a  on  a  board  measuring  20  inches  by  12  (Fig, 

18),  and  so  arranged 
that  the  ants  in  going 
straight  to  it  from  the 
nest  would  reach  the 
board  at  the  point  6, 
and  after  passing  under 
a  paper  tunnel,  c,  would 
proceed  between  five 
pairs  of  wooden  bricks,  each  3  inches  in  length  and  1 J 
in  height.  When  they  got  to  know  their  way,  they  went 
quite  straight  along  the  line  d  eto  a.    The  board  was 


Fig.  18. 
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then  twisted  as  shown  in  Fig.  19.  The  bricks  and  tunnel 

being  also  rearranged  so  that  they  were  exactly  in  the 

same  direction  as  before,  but  the  board  having  been  moved, 

the  line  d  e  was  now  outside  them.  This  change,  however, 

didnotatalldiscom-  Fig.  19. 

pose  the  ants ;  but 

instead  of  going,  as 

before,  through  the 

tunnel  and  between 

the  rows  of  bricks 

to   a,  they  walked 

exactly   along   the 

old  path  to  e. 

I  then  arranged 
matters  as  before, 

but  without  the  tunnel  and  with  only  three  pairs  of 
bricks  (Fig.  20).  When  an  ant  had  got  quite  used  to  the 
path  d  to  Cjl  altered 
the  position  of  the 
bricks  and  food,  as 
shown  in  Fig.  21,  mak- 
ing a  diflTerence  of  8 
inches  in  the  position 
of  the  latter.  The  ant 
came  as  before,  walked 
up  to  the  first  brick, 
touched  it  with  her  antennae,  but  then  followed  her  old 
fine  to  a.  From  there  she  veered  towards  the  food,  and 
Tery  soon  found  it.     When  she  was  gone,  I  altered  it 

s  2 


Fig.  20. 
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Fig. 

21. 
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again,  as  shown  in  Fig.  22 ;  she  returned  after  the  usual 

interval,  and  went  again  straight  to  a ;  then,  after  some 

wanderings,  to  /,  and 
at  length,  but  only 
after  a  lapse  of  25 
minutes,  found  the 
food  at  g.  These  ex- 
periments were  re- 
peated more  than  once, 
and  always^  with  simi- 
lar results.  I  then 
varied  matters  by  re- 
moving the  bricks, 
which,  however,  did  not 
seem  to  make  any  dif- 
ference to  the  ants. 

I  then  accustomed 
some  ants  {Lasius  ni- 

ger)  to  go  to  and  fro  over  a  wooden  bridge,  6,c  (Fig.  23), 

to  some  food. 

Fig.  23 

I c_ 


When  they  had  got  quite  accustomed  to  the  way,  I 
watched  when  an  ant  was  on  the  bridge  and  then  turned 
it  round,  so  that  the  end  6  was  at  c,  and  c  at  6.  In 
most  cases  the  ant  immediately  turned  round  also ;  but 
even  if  she  went  on  to  6  or  c,  as  the  case  may  be,  as 
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goon  as  she  came  to  the  end  of  the  bridge  she  turned 
round. 

I  then  modified  the  arrangement,  placing  between 
the  nest  and  the  food  three  similar  pieces  of  wood. 
Then  when  the  ant  was  on  the  middle  piece,  I  trans- 
posed the  other  two.  To  my  surprise  this  did  not  at 
all  disconcert  them. 

I  then  tried  the  arrangement  shown  in  Fig.  24. 

Fig.  24. 


a  is  a  paper  bridge  leading  to  the  nest ;  6  is  a  board 
about  22  inches  long  by  13  broad,  on  which  is  a  disk  of 
white  paper  fastened  at  the  centre  by  a  pin  d;  e  is 
some  food.  When  the  ants  had  come  to  know  their  way 
so  that  they  passed  straight  over  the  paper  disk  on  their 
way  from  a  to  e,  I  moved  the  disk  round  with  an  ant 
on  it,  so  that  /  came  to  g  and  g  to  /.  As  before,  the 
ants  turned  round  with  the  paper. 

As  it  might  be  possible  that  the  ants  turned 
round  on  account  of  the  changed  relative  position 
of  external  objects,  I  next  substituted  a  circular 
box    12   inches   in   diameter,   open   at  the    top,  and 
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7  inches  high  (in  fact,  a  hat-box)  for  the  flat  paper, 
cutting  two  small  holes  at  /  and  gr,  so  that  the  ants 
passing  from  the  nest  to  the  food  went  through  the  box 
entering  at/  and  coming  out  at  g.    The  box  was  fixied 

Fig.  25. 


at  c?,  so  that  it  might  turn  easily.  I  then,  when  thej 
had  got  to  know  their  way,  turned  the  box  roxmd  as 
soon  as  an  ant  had  entered  it,  but  in  every  case  the 

Fig.  26. 


ant  turned  roxmd  too,  thus  retaining  her  direction.    I 

then  varied  the  experiment  as  shown  in  Figs.  25  and  26. 

I  replaced  the  white  disk  of  paper,  but  put  the 

food  e  at  the  middle  of  the  board.     When  the  ant  had 
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got  used  to  this  arrangement  I  waited  till  one  was  on 
the  disk  (Fig.  25)  and  then  gently  drew  it  to  the  other 
side  of  e,  as  shown  in  Fig.  26.  In  this  case,  however, 
the  ant  did  not  turn  round,  but  went  on  to  gr,  when  she 
seemed  a  good  deal  surprised  at  finding  where  she  was. 
In  continuation  of  the  preceding  experiments  I 
constructed  a  circular  table  18  inches  in  diameter. 
It  consisted,  as  shown  in  Figs.  27  and  28,  of  three 
concentric  pieces — a  central  f  g,  an  intermediate 
D  £,  H  I,  and  an  outer  piece  b  c,  k  L,  each  of  these 


Fig.  27. 


three  pieces  being  capable  of  separate  rotation.  This 
arrangement  was  kindly  devised  for  me  by  Mr.  Francis 
Gralton. 

I  then  connected  the  table  with  a  nest  of  Lasitis 
niger  by  a  paper  bridge  A,  and  also  made  a  paper  path 
across  the  table,  as  shown  in  Fig.  28,  divided  into  five 
pieces  corresponding  to  the  divisions  of  the  table. 
This  I  did  because  I  found  that  the  ants  wandered  less 
if  they  were  provided  with  a  paper  road  than  if  they 
walked  actually  on  the  wood  itself.  I  then  placed  a 
cup  containing  larvae  on  the  table  at  B,  and  put  an  ant  on 
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the  larvae.  She  at  once  picked  one  up,  and,  with  some 
little  guidance  from  me,  carried  it  off  to  the  nest, 
returning  at  once  for  another,  bringing  some  friends 
with  her  to  help.  When  she  knew  her  way,  I  gradually 
moved  the  cup  across  the  table  along  the  paper  path 

Fig.  28. 


to  M,  placing  it  on  a  column  five  inches  high.  After 
a  while  the  ants  came  to  know  the  way  quite  well, 
and  passed  straight  along  the  path  from  the  nest  to 
the  larvsB  at  M.  Having  thus  established  a  service  of 
ants,  I  tried  the  following  experiments : — 

1.  I  removed  the  piece  of  paper  G  F.      This  dis- 
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turbed  them ;  but  they  very  soon  re-established  the 
chain. 

2.  I  turned  round  the  central  piece  of  the  table  G 
F,  so  that  the  paper  G  F  was  reversed,  G  being  where 
F  had  been,  and  vice  versa.  This  did  not  seem  to 
diconcert  the  ants  at  all.  They  went  straight  over 
the  paper  as  before,  without  a  moment's  hesitation. 

3.  When  some  ants  were  between  I  and  d,  I  rotated 
the  outer  circle  of  the  table  halfway  round,  which  of 
course  carried  the  cup  containing  the  larvae  from  L  to  B. 
The  ants  took  no  notice  of  this,  but  went  straight  to  L. 

4.  When  some  ants  were  between  l  and  d,  I  rotated 
the  table  several  times,  bringing  it  finally  to  its 
original  position.  This  disturbed  them  a  good  deal ; 
but  eventually  they  all  continued  their  course  to  L. 

5.  When  some  ants  were  between  i  and  d,  I  half 
rotated  the  two  centre  parts  of  the  table,  the  result  of 
which,  of  course,  was  that  the  ant  was  moving  to- 
wards, instead  of  away  from,  the  nest.  In  every  case 
the  ants  turned  round  too,  so  as  duly  to  reach  L.  So 
also  those  which  were  on  their  way  back  from  the 
larvae  to  the  nest  turned  in  the  same  manner. 

6.  When  the  ants  were  between  i  and  d,  I  half 
rotated  the  whole  table.  Again  the  ants  turned  round 
too,  though  of  course  in  this  case,  when  they  reached 
the  place  where  L  had  been,  the  cup  with  the  larvae 
was  behind  them  at  B. 

The  two  latter  experiments,  though  quite  in  accord- 
ance with  those  previously  made,  puzzled  me  a  good 
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deal.  Experiment  3,  as  well  as  some  of  those  recorded 
previously,  seemed  to  show  that  ants  were  little  guided 
in  such  cases  by  the  position  of  surrounding  objects. 
However,  I  was  anxious  to  test  this. 

7.  Accordingly  I  took  a  round  box  and  placed  it 
upside  down  on  the  table,  having  cut  two  niches,  one 
at  each  side,  where  it  lay  on  the  paper  path,  so  as  to 
aflford  a  passage  for  the  ants,  as  in  the  experiments 
recorded  in  my  previous  paper ;  but  on  this  occasion  I 
left  the  lid  on,  cutting,  however,  a  hole  through  which 
r  could  watch  the  result.  In  this  case,  therefore,  the 
surrounding  objects,  i.e.  the  walls  of  the  box,  turned 
round  with  the  table.  Then,  as  before,  when  the  ants 
were  between  I  and  d,  I  turned  the  table  half  round. 
The  results  were  as  follows: — 


iLnts  which 

Ants  which 

tnrned 

did  not  turn 

Experiment  1     ... 

1 

2 

2      ... 

I 

3      ... 

1 

4      ... 

4 

6      ... 

0 

6      ... 

0 

7      ... 

0 

8      ... 

1 

9      ... 

0 

„        10      ... 

2 

2 

11      .., 

I 

1 

„        12      ... 

0 

3 

11 

19 

In  this  case,  then,  only  1 1  ants  turned ;  and  as  4 
of  them  were  together,  it  is  possible  that  3  simply 
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followed  the  first.  Moreover,  the  ants  which  turned 
did  so  with  much  more  hesitation  and  less  immediately. 
8.  For  comparison,  I  then  again  tried  the  same 
experiment,  but  without  the  box.  The  results  were  as 
follows : — 


Ants  which 
tnriied 

Anta  which 
did  not  turn 

Observation  1      ... 

2  ... 

3  ... 

4  ... 

5  ... 

6  ... 

H 
.3 
3 
3 
4 
4 

0 

0 

1? 

0 

0 

0 

20 

1 

Under  these  circumstances,  therefore,  all  the  ants 
but  one  certainly  turned,  and  her  movements  were 
undecided. 

From  these  last  two  experiments  it  is  obvious  that 
the  presence  of  the  box  greatly  aflTected  the  result,  and 
yet  the  previous  results  made  it  difficult  to  suppose 
that  the  ants  noticed  any  objects  so  distant  as  the  walls 
of  the  rooms,  or  even  as  I  was  myself.  The  result 
surprised  me  considerably ;  but  I  think  the  explanation 
is  given  by  the  following  experiments. 

I  again  put  some  larvae  in  a  cup,  which  I  placed  in 
the  centre  of  the  table  ;  and  I  let  out  an  ant  which  I 
had  imprisoned  after  the  previous  experiments,  placing 
her  in  the  cup ;  she  carried  off  a  larva  to  the  nest  and 
soon  returned.  When  she  was  again  in  the  cup  I  half 
rotated  the  table:  when  she  came  out  she  seemed  a 
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little  surprised ;  but  after  walking  once  round  the  cup, 
started  oflf  along  the  paper  bridge  straight  home. 
When  she  returned  to  the  cup  I  again  half  rotated  the 
table.  This  time  she  went  back  quite  straight.  When 
she  had  come  again,  I  once  more  half  rotated  the  table ; 
she  returned  quite  straight.  Again  the  same  happened. 
A  second  ant  then  came :  I  half  rotated  the  table  as 
before.  She  went  wrong  for  about  an  inch  and  a  half, 
but  then  turned  round  and  went  straight  home. 

I  was  working  by  the  light  of  two  candles  which  were 
on  the  side  of  the  table  towards  the  nest.  The  next  time 
the  two  ants  came  I  half  rotated  the  table  as  before,  and 
moved,  the  candles  to  the  far  side.  This  time  the  ants 
were  deceived,  and  followed  the  paper  bridge  to  the  end 
of  the  table  farthest  from  the  nest.  This  I  repeated  a 
second  time,  with  the  same  result.  I  then  turned  the 
table  as  before  without  altering  the  lights,  and  the 
ants  (four  of  them)  went  back  all  right.  '  I  then  again 
turned  the  table,  altering  the  lights,  and  the  ant  went 
wrong. 

I  then  altered  the  lights  without  rotating  the  table : 
the  first  ant  went  wrong ;  the  second  right ;  the  third 
wrong;  the  fourth  wrong;  the  fifth  hesitated  some 
seconds,  and  then  went  wrong;  the  sixth  right;  the 
seventh  went  all  but  to  the  edge  the  wrong  way,  but, 
after  various  wanderings,  at  last  went  right.  When, 
therefore,  the  direction  of  the  light  was  changed,  but 
everything  else  left  as  before,  out  of  seven  ants,  five 
were  deceived  and  went  in  the  wrong  direction. 

After  an  interval  of  a  week,  on  March  25, 1  arranged 
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the  nest  and  the  rotating  table  as  before,  and  let  out 
three  ants  which  I  had  imprisoned  on  the  19th,  and 
which  knew  their  way.  I  put  them  on  the  larvae  at  m 
as  before.  The  paper  pathway  had  been  left  untouched. 
The  ants  examined  the  larvae  and  then  went  straight 
home  along  the  paper  path ;  but,  to  my  surprise,  only 
one  of  them  carried  oflf  a  larva.  Nevertheless  they 
had  evidently  taken  the  news  to  the  nest,  for  the  ants 
at  once  began  coming  to  the  cup  in  considerable  num- 
bers and  carrying  off  the  larvae.  I  do  not  altogether 
understand  this  proceeding,  and  unluckily  had  not 
marked  the  first  three  ants  ;  so  that  I  cannot  tell 
whether  they  brought  or  sent  their  firiends.  It  seems 
possible  that  they  felt  unequal  to  the  exertion  of  carrying 
a  burthen  to  the  nest  until  they  had  had  some  food. 

When  the  ants  were  fairly  at  work  I  turned  the 
table  90  degrees.  In  this  case  eight  ants  which  were 
on  their  way  to  the  larvae  continued  their  march  along 
the  paper,  while  two  turned  back ;  but  none  left  the 
paper  and  went  across  the  table  straight  for  the  larvae. 

I  then  stopped  the  experiment  for  a  while,  so  that 
the  excitement  might  subside;  as  when  the  ants 
become  too  numerous  it  is  not  so  easy  to  watch  them. 

When  all  was  quiet  I  put  the  cup  with  the  larvae 
on  the  middle  of  the  table,  and  covered  the  greater 
part  of  the  table  with  the  box  as  before.  In  a  short 
time  some  ants  again  came  to  the  larvae,  and  then, 
just  as  they  were  leaving  the  cup  on  their  way  home,  I 
turned  the  table,  as  before,  half  round. 

Under  these    circumstances,  however,  instead  of 
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turning  as  in  the  previous  experiment,  ten  ants,  one 
after  another,  continued  their  course,  thus  coming  out 
of  the  box  at  the  end  farthest  from  the  nest.  When 
ten  ants  successively  had,  under  these  circumstances, 
gone  wrong,  to  make  the  experiment  complete,  I  tried 
it  again,  everything  being  the  same,  except  that 
there  was  no  box.  Under  these  circumstances  five 
ants,  one  after  the  other,  turned  directly  the  table  was 
rotated. 

From  these  experiments,  therefore,  it  seems  clear 
that  in  determining  their  course  the  ants  are  greatly 
influenced  by  the  direction  of  the  light. 

March  27. — I  let  out  two  ants  imprisoned  on  the 
25th,  and  placed  them  on  the  larvse,  which  I  put  on  a 
column  7  inches  high,  covered  with  blue  paper,  and 
communicating  with  the  nest  by  the  paper  path 
(a.  Fig.  29)  arranged  as  usual,  but  supported  on 
pins.  At  first  I  arranged  it  as  shown  below,  placing 
the  larvse  at  M,  on  a  table  18  inches  in  diameter. 
Fig.  29.  so  that  the  ants,  on  arriving  at 

the  larvae,  made  nearly  a  semi- 
circle round  the  edge  of  the 
table.  I  then  gradually  moved 
the  larvse  to  m'  and  afterwards 
to  m''.  The  ants,  however, 
obviously  knew  that  they  were 
going  unnecessarily  round.  They 
ran  along  the  paper  bridge  in  a  very  undecided  manner, 
continually  turning  round  and  often  coming  down  the 
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pins  ;  while  in  returning  to  the  nest  they  persistently 
<^me  down  the  side  of  the  pillar  nearest  to  the  nest, 
though  I  repeatedly  attempted  to  guide  them  the 
other  way.  Even  when  placed  on  the  paper  bridge 
between  M  and  m',  they  were  very  dissatisfied.  In 
fact,  it  was  obvious  that  they  knew  they  were  being 
«ent  a  long  way  round,  and  were  attempting  to  make  a 
shorter  cut. 

I  then  again  placed  the  larvae  on  the  column  at 
M,  and  when  the  ants  were  once  more  going  to  and 
fro  regularly  -along  the  paper  path,  I  altered  the 
position  of  the  column  and  larvae  to  m',  placing  the 
€dge  of  the  pillar,  which  the  ants  had  been  accustomed 
to  ascend,  towards  the  paper  bridge,  connecting  it  with 
the  original  bridge  by  a  side-  pig.  30. 

bridge  a,  M  being  an  inch  from 
the  original  bridge.  Under 
these  circumstances  three  ants 
ran  on  to  M;  then  two  found 
their  way  over  the  bridge  a  to 
m'.  Of  the  next  ten  ants,  five 
went  to  M  and  five  over  a  to  m'. 
The  next  ten  all  went  over  the  paper  bridge  a  to  m^. 

I  then  put  the  pillar  and  the  larvae  on  the  other  side 
of  the  original  paper  path  at  m'',  connected  with  the 
main  path  by  a  short  bridge  a\  taking  for  a'  a  new 
piece  of  paper,  so  that  scent  would  be  no  guide.  I  left 
the  little  bridge  a  in  its  place.  The  ants  went  as 
follows : — 
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To  M" 


5J 

99 
99 
5J 
5> 
^9 
55 
55 
55 


)  m' 

0 

55 

0 

55 

0 

55 

0 

55 

I 

55 

0 

55 

0 

55 

0 

55 

0 

55 

0 

55 

1 

55 

1 

55 

0 

To  M    0 


55 

99 

99 

55 

» 

55 

0 

55 

0 

>5 

0 

55 

0 

55 

0 

55 

0 

ff 

0 

It  seems  clear,  therefore,  that  though  the  ants  did 
not  trust  80  much  to  their  eyes  as  a  man  would  have 
done  under  similar  circumstances,  yet  that  they  were 
to  some  extent  guided  by  sight. 

I  then  removed  all  the  paper  pathways  and  put  the 
Fig.  31.  pillar  to  M.     Of  the  first  two  ants 

which  came  to  the  table,  the  first 
found  the  pillar  in  five  minutes, 
the  second,  after  wandering  about 
for  a  quarter  of  an  hour,  gave  the 
search  up  in  despair,  and  went 
home.  I  then  moved  the  pillar 
to  m',  and  watched  the  next  ant 
that  came  on  to  the  table ;  she  found  it  in  a  minute  or 
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two.  I  then  moved  it  to  m'''.  Two  ants  came  together. 
One  found  the  pillar  in  7  minutes ;  the  other  took  no 
less  than  25,  although,  as  already  mentioned,  the  table 
was  only  18  inches  in  diameter.  Obviously,  therefore, 
though  it  seems  clear  that  they  are  helped  by  sight,  still 
these  last  observations  support  those  previously  re- 
corded, and  show  that  in  finding  their  way  they  do 
not  derive  by  any  means  so  much  assistance  from  their 
eyes  as  we  should  under  corresponding  circimistances. 
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CHAPTER  X. 

BEES. 

I  ORIGINALLY  intended  to  make  my  experiment  prin- 
cipally with  bees,  but  soon  found  that  ants  were  on  the 
whole  more  suitable  for  my  purpose. 

In  the  first  place,  ants  are  much  less  excitable,  they 
are  less  liable  to  accidents,  and  from  the  absence  of 
wings  are  more  ea^  to  keep  under  continuous  obser- 
vation. 

Still,  I  have  made  a  certain  number  of  observations 
with  bees,  some  of  which  may  be  worth  here  recording. 

As  already  mentioned,  the  current  statements  with 
reference  to  the  language  of  social  insects  depend  much 
on  the  fact  that  when  one  of  them,  either  by  accident  or 
in  the  course  of  its  rambles,  has  discovered  a  stock  of 
food,  in  a  very  short  time  many  others  arrive  to  profit 
by  the  discovery.  This,  however,  does  not  necessarily 
imply  any  power  of  describing  localities.  If  the  bees 
or  ants  merely  follow  their  more  fortunate  comrade, 
the  matter  is  comparatively  simple;  if,  on  the  con- 
trary, others  are  sent,  the  case  becomes  very  diflferent. 

In  order  to  test  this  I  proposed  to  keep  honey  in  a 
given  place  for  some  time,  in  order  to  satisfy  myself 
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that  it  would  not  readily  be  found  by  the  bees ;  and 
then,  after  bringing  a  bee  to  the  honey,  to  watch 
whether  it  brought  others,  or  sent  them — the  latter  of 
'  course  implying  a  much  higher  order  of  intelligence 
and  power  of  communication. 

I  therefore  placed  some  honey  in  a  glass,  close  to 
an  open  window  in  my  sitting-room,  and  watched  it  for 
sixty  hours  of  sunshine,  during  which  no  bees  came 
to  it. 

I  then,  at  10  a.m.  on  a  beautiful  morning  in  June, 
went  to  my  hives,  and  took  a  bee  which  was  just 
starting  out,  brought  it  in  my  hand  up  to  my  room 
(a  distance  of  somewhat  less  than  200  yards),  and  gave 
it  some  honey,  which  it  sucked  with  evident  enjoyment. 
After  a  few  minutes  it  flew  quietly  away,  but  did  not 
return ;  nor  did  any  other  bee  make  its  appearance. 

The  following  morning  I  repeated  the  same  experi- 
ment. At  7.15  I  brought  up  a  bee,  which  sipped  the 
honey  with  readiness,  and  after  doing  so  for  about  four 
minutes  flew  away  with  no  appearance  of  alarm  or 
annoyance.  It  did  not,  however,  return  ;  nor  did  any 
other  bee  come  to  my  honey. 

On  several  other  occasions  I  repeated  the  same  experi- 
ments with  a  like  result.  Altogether  I  tried  it  more  than 
twenty  times.  Indeed,  I  rarely  found  bees  to  return  to 
honey  if  brought  any  considerable  distance  at  once.  By 
taking  them,  however,  some  twenty  yards  each  time  they 
came  to  the  honey,  I  at  length  trained  them  to  come  to 
my  room.  On  the  whole,  however,  I  found  it  more  con- 
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venient  to  procure  one  of  Marriott's' observatory  hives, 
both  on  account  of  its  construction,  and  also  because  I 
could  have  it  in  my  room,  and  thus  keep  the  bees  more 
immediately  under  my  own  eye.  My  room  is  square,  with 
three  windows,  two  on  the  south-west  side,  where  the  hive 
was  placed,  and  one  on  the  south-east.  Besides  the 
ordinary  entrance  from  the  outside,  the  hive  had  a  small 
postern  door  opening  into  the  room;  .this  door  was 
provided  with  an  alighting-board,  and  closed  by  a  plug : 
as  a  general  rule  the  bees  did  not  notice  it  much  unless 
the  passage  was  very  full  of  them. 

I  then  placed  some  honey  on  a  table  close  to  the 
hive,  and  from  time  to  time  fed  certain  bees  on  it» 
Those  which  had  been  fed  soon  got  accustomed  to  come 
for  the  honey ;  but  partly  on  account  of  my  frequent 
absence  from  home,  and  partly  from  their  difficulty 
in  finding  their  way  about,  and  their  tendency  to  lose 
themselves,  I  could  never  keep  any  marked  bee  under 
observation  for  more  than  a  few  days. 

Out  of  a  nimiber  of  similar  observations  I  will  here 
mention  a  few  and  give  them  in  detail  in  the  Appendix, 
as  throwing  some  light  on  the  power  of  communicating 
fisicts  possessed  by  the  bees ;  they  will  also  illustrate  the 
daily  occupations  of  a  working  bee. 

Expervment  1. — ^Thus,  on  August  24,  1874, 1  opened 
the  postern  door  leading  into  my  room  at  6.45  A.M.,  and 
watched  till  1  p.m.  three  bees,  which  had  been  trained 
to  come  to  honey  at  a  particular  spot.  They  did  not, 
however,  know  their  way  very  well,  and  consequently 


Digitized  by 


Google 


BRING  FBDENDS  TO  SHARE  TREASURES.         277 

lost  a  good  deal  of  time.  One  made  23  journeys 
backwards  and  forwards  between  the  hive  and  the 
honey,  the  second  13,  and  the  third  only  7. 

The  following  day  I  watched  the  first  of  these  bees 
from  7.23  to  12.54,  during  which  time  she  made  19 
journeys.  Scarcely  any  other  bees  came,  but  I  did  not 
record  the  exact  number. 

Eaypervment  2. — ^I  watched  another  bee  from  6.55 
A.M.  tiU'  7.15  P.M.,  during  which  time  she  made  59 
visits  to  the  honey,  and  only  one  other  bee  came 
to  it. 

Eayperiment  3. — Another  from  7  a.m.  till  3  p.m.  ; 
she  made  40  journeys,  and  only  two  other  bees  came. 
She  returned  the  two  following  mornings,  and  was 
watched  for  three  hours  each  day,  during  which  time 
no  other  bee  came. 

Experiment  4. — ^Another  morning  I  watched  a  dif- 
ferent bee  from  9.19  a.m.  to  2  p.m.  :  she  made  21  jour- 
neys, and  no  other  bee  came. 

Then,  thinking  that  perhaps  this  result  might  be 
due  to  the  quantity  of  honey  being  too  small,  J  used  a 
wide-mouthed  jar,  containing  more  than  one  pound  of 
honey. 

Experiment  5. — ^I  watched  two  bees  from  1.44  till 
4.30,  during  which  time  they  made  24  journeys,  but  only 
one  other  bee  came. 

Eocperi/ment  6. — Besides  the  honey  in  the  jar  I 
spread  some  out  over  two  plates,  so  as  to  increase  the 
sur&ce.     I  watched  a  bee  from  12.15  till  6.15  p.m.  She 
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made  28  journeys,  bat  did  not  bring  a  single  firiend 
with  her, 

Eaypervment  7. — On  July  19  I  put  a  bee  to  a  honey- 
comb which  contained  twelve  and  a  half  pounds  of  honey 
at  12.30,  and  which  was  placed  in  a  comer  of  my  room 
as  far  as  possible  from  the  window.  That  afternoon  she 
made  22  visits  to  it,  and  no  other  bee  came.  The 
following  morning  she  returned  at  6.5  aju.,  and  I 
watched  her  till  2.  She  made  22  journeys,  but  did  not 
bring  a  single  friend  with  her. 

Eaypervment  8. — ^Another  bee  was  also  brought  to 
the  same  honeycomb,  watched  from  2.30  till  7.14.  She 
made  14  journeys,  but  did  not  bring  a  single  friend. 

I  might  give  other  similar  cases,  but  these  are,  I 
think,  sufficient  to  show  that  bees  do  not  bring  their 
friends  to  share  any  treasure  they  have  discovered,  so 
invariably  as  might  be  assimied  from  the  statements 
of  previous  observers.  Possibly  the  result  is  partly 
due  to  the  fact  that  my  room  is  on  the  first  floor,  so 
that  the  bees  coming  to  it  flew  at  a  higher  level  than 
that  generally  used  by  their  companions,  and  hence 
were  less  likely  to  be  followed. 

Indeed,  I  have  been  a  good  deal  surprised  at  the 
difficulty  which  bees  experience  in  finding  their  way. 

For  instance,  I  put  a  bee  into  a  bell-glass  18  inches 
long,  and  with  a  mouth  Clinches  wide, turning  the  closed 
end  to  the  window;  she  buzzed  about  for  an  hour, 
when,  as  there  seemed  no  chance  of  her  getting  out, 
I  put  her  back  into    the  hive.    Two  flies,  on  the 


Digitized  by 


Google 


FINDING  THEm  WAY.  279 

contrary,  which  I  put  in  with  her,  got  out  at  once.  At 
11.30  I  put  another  bee  and  a  fly  into  the  same  glass : 
the  latter  flew  out  at  once.  For  half  an  hour  the  bee 
tried  to  get  out  at  the  closed  end ;  I  then  turned  the 
glass  with  its  open  end  to  the  light,  when  she  flew  out  at 
once.  To  make  sure,  I  repeated  the  experiment  once 
more  with  the  same  result. 

Some  bees,  however,  have  seemed  to  me  more  in- 
telligent in  this  respect  than  others.  A  bee  which  I 
had  fed  several  times,  and  which  had  flown  about  in 
the  room,  found  its  way  out  of  the  glass  in  a  quarter  of 
an  hour,  and  when  put  in  a  second  time  came  out  at 
once.  Another  bee,  when  I  closed  the  postern  door 
which  opened  from  my  hive  directly  into  my  room, 
used  to  come  round  to  the  honey  through  an  open 
window. 

One  day  (April  14,  1872),  when  a  number  of 
them  were  very  busy  on  some  berberries,  I  put  a  saucer 
with  some  honey  between  two  bunches  of  flowers ;  these 
flowers  were  repeatedly  visited,  and  were  so  close  that 
there  was  hardly  room  for  the  saucer  between  them, 
yet  from  9.30  to  3.30  not  a  single  bee  took  any  notice 
of  the  honey.  At  3.30  I  put  some  honey  on  one  of  the 
bunches  of  flowers,  and  it  was  eagerly  sucked  by  the 
bees  ;  two  kept  continually  returning  till  past  five  in 
the  evening. 

One  day  when  I  came  home  in  the  afternoon  I  foxmd 
that  at  least  a  hundred  bees  had  got  into  my  room 
through  the  postern  and  were  on  the  window,  yet  not 
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one  was  attracted  by  an  open  jar  of  honey  which  stood 
in  a  shady  comer  about  3  feet  6  inches  from  the 
window. 

Another  day  (April  29,  1872)  I  placed  a  saucer  of 
honey  close  to  some  forget-me-nots,  on  which  bees 
were  numerous  and  busy ;  yet  from  10  a.m.  till  6  only 
one  bee  went  to  the  honey. 

I  put  some  honey  in  a  hollow  in  the  garden  wall 
opposite  my  hives  at  10.30  (this  wall  is  about  five  feet 
high  and  four  feet  from  the  hives),  yet  the  bees  did 
not  find  it  during  the  whole  day. 

On  March  30,  1873,  a  fine  sunshiny  day,  when  the 
bees  were  very  active,  I  placed  a  glass  containing 
honey  at  9  in  the  morning  on  the  wall  in  front  of  the 
hives;  but  not  a  single  bee  went  to  the  honey  the 
whole  day.  On  April  20  I  tried  the  same  experiment 
with  the  same  result. 

September  19. — ^At  9.30  I  placed  some  honey  in  a 
glass  about  four  feet  from  and  just  in  front  of  the 
hive,  but  during  the  whole  day  not  a  bee  observed  it. 

As  it  then  occurred  to  me  that  it  might  be 
suggested  that  there  was  something  about  this  honey 
which  rendered  it  unattractive  to  the  bees,  on  the 
following  day  I  first  placed  it  again  on  the  top  of  the 
wall  for  three  hours,  during  which  not  a  single 
bee  came,  and  then  moved  it  close  to  the  alighting- 
board  of  the  hive.  It  remained  unnoticed  for  a  quarter 
of  an  hour,  when  two  bees  observed  it,  and  others  soon 
followed  in  considerable  numbers. 
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It  is  generally  stated  not  only  that  the  bees  in  a 
hive  all  know  one  another,  but  also  that  they  immedi- 
ately recognise  and  attack  any  intruder  from  another 
hive.  It  is  possible  that  the  bees  of  particular  hives 
have  a  particular  smell.  Thus  Langstroth,  in  his  in- 
teresting '  Treatise  on  the  Honey-Bee,'  says,  *  Members 
of  diflferent  colonies  appear  to  recognise  their  hive 
companions  by  the  sense  of  smell ; '  and  I  believe  that 
if  colonies  are  sprinkled  with  scented  syrup  they  may 
generally  be  safely  mixed.  Moreover,  a  bee  returning 
to  its  own  hive  with  a  load  of  treasure  is  a  very  dif- 
ferent creature  from  a  hungry  marauder;  and  it  is 
said  that  a  bee,  if  laden  with  honey,  is  allowed  to  enter 
any  hive  with  impunity.  Mr.  Langstroth  continues  : 
*  There  is  an  air  of  roguery  about  a  thieving  bee  which, 
to  the  expert,  is  as  characteristic  as  are  the  motions  of 
a  pickpocket  to  a  skUfal  policeman.  Its  sneaking  look 
and  nervous,  guilty  agitation,  once  seen,  can  never  be 
.  mistaken.*  It  is  at  any  rate  natural  that  a  bee  which 
enters  a  wrong  hive  by  accident  should  be  much  sur- 
prised and  alarmed,  and  would  thus  probably  betray 
herself. 

So  &r  as  my  own  observations  go,  though  bees 
habitually  know  and  return  to  their  own  hive,  still,  if 
placed  on  the  alighting-board  of  another,  they  often 
enter  it  without  molestation.     Thus : — 

On  May  4  I  put  a  strange  bee  into  ^  hive  at  2 
o'clock.  She  remained  in  till  2.20,  when  she  came  out, 
but  entered  again  directly.    I  was  away  most  of  the 
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afternoon,  but  returned  at  5.30 ;  at  6  she  came  out  of 
the  hive,  but  soon  returned ;  and  aft^er  that  I  saw  no 
more  of  her. 

May  12. — A  beautiful  day,  and  the  bees  very  active. 
I  placed  twelve  marked  bees  on  the  alighting-board  of 
a  neighbouring  hive.  They  all  went  in;  but  before 
evening  ten  had  returned  home. 

May  13. — Again  put  twelve  marked  bees  on  the 
alighting-board  of  another  nest ;  eleven  went  in.  The 
following  day  I  found  that  seven  had  returned  home  ; 
the  other  five  I  could  not  see. 

May  17. — Took  a  bee,  and,  after  feeding  her  and 
marking  her  white,  put  her  to  a  hive  next  but  one  to- 
her  own  at  4.18.     She  went  in. 
4.22.  Came  out  and  went  in  again. 
4.29.  Game  out.    I  fed  her  and  sent  her  back. 

4.35.  Came  out.     Took  a  little  flight  and  came  back. 

4.45.  Went  in,  but  returned.         4.52.  Went  in. 
4.53.  Came  out.  4.56.         „ 
4.57.          „                                     4.58.         „ 

5.  I.  Came  out,  took  another  little  flight,  and  returned. 
I  fed  her  again.  6.26.  Went  in  again. 

5.28.  Came  out  again.  5.29.  „ 

0.«51.  „  O.oo.  „ 

5.36.  „  5.40.  „ 

5.46.  Shut  her  and  the  others  in  with  a  piece  of  note- 

paper. 
6.36.  One  of  the  bees  forced  her  way  through.     I 
opened  the  door ;  and  several,  including  the 
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white  one,  came  out  directly.  Till  6,50  this  bee 
kept  on  going  in  and  out  every  minute  or  two ; 
hardly  any  bees  were  flying,  only  a  few  stand- 
ing at  the  doors  of  most  of  the  hives.  At 
7.20  she  was  still  at  the  hive  door. 
May  20. — ^Between  6  and  7  p.m.  I  marked  a  bee 
and  transferred  her  to  another  hive. 

May  21.— Watched  from  7.30  to  8.9  in  the  morning 
without  seeing  her.  At  half-past  six  in  the  evening 
went  down  again,  directly  saw  and  fed  her.  She  wa& 
then  in  her  new  hive ;  but  a  few  minutes  after  I  ob- 
served  her  on  the  lighting-stage  of  her  old  hive ;  so  I 
again  fed  her,  and  when  she  left  my  hand  she  returned 
to  the  new  hive. 

May  22. — 8  o'clock.  She  was  back  in  her  old 
hive. 

May  23. — ^About  12.30  she  was  again  in  the  new 
hive. 

Though  bees  which  have  stung  and  lost  their  sting^ 
always  perish,  they  do  not  die  immediately ;  and  in  the 
meantime  they  show  little  sign  of  suffering  from  the 
terrible  injury.  On  August  25  a  bee  which  had  come 
several  times  to  my  honey  was  startled,  flew  to  one  of 
the  windows,  and  had  evidently  lost  her  way.  While 
I  was  putting  her  back  she  stung  me,  and  lost  her 
sting  in  doing  so.  I  put  her  in  through  the  postern,, 
and  for  twenty  minutes  she  remained  on  the  landing- 
stage  ;  she  then  went  into  the  hive,  and  after  an  hour 
returned  to  the  honey  and  fed  quietly,  notwithstanding 
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the  terrible  injury  she  had  receive^.  After  this,  how- 
ever, I  did  not  see  her  any  more. 

Like  many  other  insects,  bees  are  much  affected 
by  light.  One  evening,  having  to  go  down  to  the 
cellar,  I  lit  a  small  covered  lamp.  A  bee  which  was 
out  came  to  it,  and,  flying  round  and  round  like  a 
moth,  followed  me  the  whole  of  the  wlay  there. 

I  often  found  that  if  bees  which  were  brought  to 
honey  did  not  return  at  once,  still  they  would  do  so  a 
day  or  two  afterwards.  For  instance,  on  July  11, 1874, 
a  hot  thundery  day,  and  when  the  bees  were  much  out 
of  humour,  I  brought  twelve  bees  to  some  honey :  only 
one  came  back,  and  that  one  only  once ;  but  on  the 
following  day  several  of  them  returned. 

My  bees  sometimes  ceased  work  at  times  when  I 
oould  not  account  for  their  doing  so.  October  19  was  a 
beautiful,  sunshiny,  warm  day.  All  the  morning  the 
bees  were  fully  active.  At  11.25  I  brought  one  to  the 
honeycomb,  and  she  returned  at  the  usual  intervals  for 
3.  couple  of  hours ;  but  after  that  she  came  no  more,  nor 
were  there  any  other  bees  at  work.  Yet  the  weather 
was  lovely,  and  the  hive  is  so  placed  as  to  catch  the 
afternoon  sun. 

I  have  made  a  few  observations  to  ascertain,  if 
possible,  whether  the  bees  generally  go  to  the  same 
part  of  the  hive.     Thus, — 

October  5. — I  took  a  bee  out  of  the  hive,  fed  her, 
and  marked  her.    She  went  back  to  the  same  part. 

October  9. — ^At  7.15  I  took  out  two  bees,  fed  and 
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marked  them.  They  returned ;  but  I  could  not  see 
them  in  the  same  part  of  the  hive.  One,  however,  I 
found  not  far  off. 

At  9.30  brought  out  four  bees,  fed  and  marked  them. 
One  returned  to  the  same  part  of  the  hive.  I  lost  sight 
of  the  others. 

Since  their  extreme  eagerness  for  honey  may  be 
attributed  rather  to  thdr  anxiety  for  the  conmionweal 
than  to  their  desire  for  personal  gratification,  it  cannot 
fairly  be  imputed  as  greediness;  still  the  following 
scene,  described  by  Dr.  Langstroth,  and  one  which 
most  of  us  have  witnessed,  is  incompatible  surely  with 
much  intelligence.  ^No  one  can  understand  the 
extent  of  their  infatuation  until  he  has  seen  a  con- 
fectioner's shop  assailed  by  myriads  of  hungry  bees* 
I  have  seen  thousands  strained  out  from  the  syrup 
in  which  they  had  perished  ;  thousands  more  alighting 
even  upon  the  boiling  sweets;  the  floor  covered  and 
windows  darkened  with  bees,  some  crawling,  others 
flying,  and  others  still  so  completely  besmeared  as 
to  be  able  neither  to  crawl  nor  fly — ^not  one  in  ten 
able  to  carry  home  its  ill-gotten  spoils,  and  yet  the  air 
filled  with  new  hosts  of  thoughtless  comers.'* 

If,  however,  bees  are  to  be  credited  with  any  moral 
feelings  at  all,  I  fear  the  experience  of  all  bee-keepers 
shows  that  they  have  no  conscientious  scruples  about 
robbing  their  weaker  brethren.  *  IS  the  bees  of  a  strong 
fitock,'  says  Langstroth,  ^  once  get  a  taste  of  forbidden 
^  Mve-  and  Honey-Bee,  Langstroth,  p.  277. 
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sweets,  they  will  seldom  stop  unta  they  have  tested  the 
strength  of  every  hive.'  And  again,  *Some  bee- 
keepers question  whether  a  bee  that  once  learns  to 
steal  ever  returns  to  honest  courses.'  Siebold  has  men- 
tioned similar  fects  in  the  case  of  certain  wasps-(PoJw^). 
Far,  indeed,  from  having  been  able  to  discover  any 
evidence  of  affection  among  them,  they  appear  to  be 
thoroughly  callous  and  utterly  indifferent  to  one 
another.  As  already  mentioned,  it  was  necessary  for 
me  occasionally  to  kill  a  bee ;  but  I  never  found  that 
the  others  took  the  slightest  notice.  Thus  on  October 
111  crushed  a  bee  close  to  one  which  was  feeding — ^in 
fact,  so  close  that  their  wings  touched ;  yet  the  sur- 
vivor took  no  notice  whatever  of  the  death  of  her 
sister,  but  went  on  feeding  with  every  appearance  of 
composure  and  enjoyment,  just  as  if  nothing  had  hap- 
pened. When  the  pressure  was  removed,  she  remained 
by  the  side  of  the  corpse  without  the  slightest  appear- 
ance of  apprehension,  sorrow,  or  recognition.  She  evi- 
dently did  not  feel  the  slightest  emotion  at  heir 
sister's  death,  nor  did  she  show  any  alarm  lest  the 
same  &te  should  befall  her  also.  In  a  second  case 
exactly  the  same  occurred.  Again,  I  have  several 
times,  while  a  bee  has  been  feeding,  held  a  second 
bee  by  the  leg  close  to  her ;  the  prisoner,  of  course, 
struggled  to  escape,  and  buzzed  as  loudly  as  she  could ; 
yet  the  bee  which  was  feeding  took  no  notice  whatever. 
So  far,  therefore,  from  being  at  all  affectionate,  I  doubt 
whether  bees  are  in  the  least  fond  of  one  another. 
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Their  devotion  to  their  queen  is  generally  quoted 
as  an  admirable  trait ;  yet  it  is  of  the  most  limited 
character.  For  instance,  I  was  anxious  to  change 
one  of  my  black  queens  for  a  Ligurian ;  and  accord- 
ingly on  October  26  Mr.  Hunter  was  good  enough  to 
bring  me  a  Ligurian  queen.  We  removed  the  old 
queen,  and  we  placed  her  with  some  workers  in  a  box 
containing  some  comb.  I  was  obliged  to  leave  home 
on  the  following  day ;  but  when  I  returned  on  the  30th 
I  found  that  all  the  bees  had  deserted  the  poor  queen, 
who  seemed  weak,  helpless,  and  miserable.  On  the  31st 
the  bees  were  coming  to  some  honey  at  one  of  my 
windows,  and  I  placed  this  poor  queen  close  to  them. 
In  alighting,  several  of  them  even  touched  her ;  yet  not 
one  of  her  subjects  took  the  slightest  notice  of  her.  The 
same  queen,  when  afterwards  placed  in  the  hive,  im- 
mediately attracted  a  nimiber  of  bees. . 

As  regards  the  affection  of  bees  for  one  another,  it 
is  no  doubt  true  that  when  they  have  got  any  honey 
on  them,  they  are  always  licked  clean  by  the  rest; 
but  I  am  satisfied  that  this  is  for  the  sake  of  the 
honey  rather  than  of  the  bee.  On  September  27,  for 
instance,  I  tried  with  two  bees :  one  had  been  drowned, 
the  other  was  smeared  with  honey.  The  latter  was 
soon  licked  clean ;  of  the  former  they  took  no  notice 
whatever.  I  have,  moreover,  repeatedly  placed  dead 
bees  by  honey  on  which  live  ones  were  feeding,  but  the 
latter  never  took  the  slightest  notice  of  the  corpses. 

Dead  bees  are  indeed  usually  carried  out  of  the 
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hive ;  but  if  one  is  placed  on  the  alighting-stage,  the 
others  seem  to  take  no  notice  of  it,  though  it  is  in 
general  soon  pushed  off  accidentally  by  their  move- 
ments. I  h^ve  even  seen  the  bees  sucking  the  juices 
of  a  dead  pupa. 

As  regards  the  senses  of  bees,  it  seems  clear  that 
they  possess  a  keen  power  of  smell. 

On  October  5  I  put  a  few  drops  of  eau  de  Cologne 
in  the  entrance  of  one  of  my  hives,  and  immediately 
a  number  of  bees  (about  fifteen)  came  out  to  see  what 
was  the  matter.  Eose-water  also  had  the  same  effect ; 
andj^  as  will  be  mentioned  presently,  in  this  manner 
I  called  the  bees  out  several  times ;  but  after  a  few 
days  they  took  hardly  any  notice  of  the  scent. 

These  observations  were  made  partly  with  the  view 
of  ascertaining  whether  the  same  bees  act  as  sentinels. 
With  this  object,  on  October  5  I  called  out  the  bees  by 
placing  some  eau  de  Cologne  in  the  entrance,  and 
marked  the  first  three  bees  that  came  out.  At  5  tm. 
I  called  them  out  again ;  about  twenty  came,  including 
the  three  marked  ones.     I  marked  three  more. 

October  6. — Called  them  out  again.  Out  of  the  first 
twelve,  five  were  marked  ones.     I  marked  three  more. 

October  7. — Called  them  out  at  7.30  a.m.  as  before. 
Out  of  the  first  nine,  seven  were  marked  ones. 

At  5.30  P.M.  called  them  out  again.  Out  of  six^ 
five  were  marked  ones. 

October  8. — Called  them  out  at  7.15.  Six  came  out, 
all  marked  ones. 
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October  9. — Called  them  out  at  6.40.  Out  of  the 
first  ten,  eight  were  mar'ked  ones. 

Called  them  out  at  11.30  a.m.  Out  of  six,  three 
were  marked.     I  marked  the  other  three. 

Called  them  out  at  1.30  p.m.  Out  of  ten,  six  were 
marked. 

Called  them  out  at  4.30.  Out  of  ten,  seven  were 
marked. 

October  10. — Called  them  out  at  6.5  a.m.  Out  of 
six,  five  were  marked. 

Shortly  afterwards  I  did  the  same  again,  when  out 
of  eleven,  seven  were  marked  ones. 

5.30  P.M.  Called  them  out  again.  Out  of  seven, 
five  were  marked. 

October  11. — 6.30  a.m.  Called  them  out  again. 
Out  of  nine,  seven  were  marked. 

5  P.M.  Called  them  out  again.  Out  of  seven,  five 
were  marked. 

After  this  day  they  took  hardly  any  notice  of  the 
scents. 

Thus  in  these  nine  experiments,  out  of  the  ninety- 
seven  bees  which  came  out  first,  no  less  than  seventy- 
one  were  marked  ones,  though  out  of  the  whole  number 
of  bees  in  the  hive  there  were  only  twelve  marked  for 
this  purpose,  and,  indeed,  even  fewer  in  the  earlier  ex- 
periments. I  ought,  perhaps,  to  add  that  I  generally 
fed  the  bees  when  I  called  them  out. 
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The  Sense  of  Hearing. 

August  29. — ^The  result  of  my  experiments  on  the 
hearing  of  bees  has  surprised  me  very  much*  It  is 
generally  considered  that  to  a  certain  extent  the 
emotions  of  bees  are  expressed  by  the  sounds  they 
make,^  which  seems  to  imply  that  they  possess  the 
power  of  hearing.  I  do  not  by  any  means  intend  to 
deny  that  this  is  the  case.  Nevertheless  I  never  found 
them  take  any  notice  of  any  noise  which  I  made,  even 
when  it  was  close  to  them.  I  tried  one  of  my  bees 
with  a  violin.  I  made  all  the  noise  I  could,  but  to  my 
surprise  she  took  no  notice.  I  could  not  even  see  a 
twitch  of  the  antennae.  The  next  day  I  tried  the  same 
with  another  bee,  but  could  not  see  the  slightest  sign 
that  she  was  conscious  of  the  noise.  On  August  31  I 
repeated  the  same  experiment  with  another  bee  with 
the  same  result.  On  September  12  and  13  I  tried 
several  bees  with  a  dog-whistle  and  a  shrill  pipe ;  but 
they  took  no  notice  whatever,  nor  did  a  set  of  tuning- 
forks  which  I  tried  on  a  subsequent  day  have  any  more 
effect.  These  tuning-forks  extended  over  three  octaves, 
beginning  with  a  below  the  ledger  line.  I  also  tried 
with  my  voice,  shouting,  &c.,  close  to  the  head  of  a  bee ; 
but,  in  spite  of  my  utmost  efforts,  the  bees  took  no 
notice.  I  repeated  these  experiments  at  night  when 
the  bees  were  quiet ;  but  no  noise  that  I  could  make 
seemed  to  disturb  them  in  the  least. 

^  See,  for  instance,  Landois,  Zeiti.f,  win.  Zool,  1867,  p.  184. 
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In  this  respect  the  results  of  my  observations  on 
bees  entirely  agreed  with  those  on  ants,  and  I  will 
here,  therefore,  only  refer  to  what  has  been  said  in 
a  preceding  chapter. 

The  Colour  Sense  of  Bees. 

The  consideration  of  the  causes  which  have  led  to 
the  structure  and  colouring  of  flowers  is  one  of  the 
most  fascinating  parts  of  natural  history.  Most  botanists 
«re  now  agreed  that  insects,  and  especially  bees,  have 
played  a  very  important  part  in  the  development  of 
flowers.  While  in  many  plants,  almost  invariably  with 
inconspicuous  blossoms,  the  pollen  is  carried  from 
flower  to  flower  by  the  wind,  in  the  case  of  almost  all 
large  and  brightly  coloured  flowers  this  is  eflfected  by 
the  agency  of  insects.  In  such  flowers  the  colours, 
scent,  and  honey  serve  to  attract  insects,  while  the  size 
3,nd  form  are  arranged  in  such  a  manner  that  the 
insects  fertilise  them  with  pollen  brought  from  another 
plant. 

There  could,  therefore,  be  little  doubt  that  bees 
possess  a  sense  of  colour.  Nevertheless  I  thought  it 
would  be  desirable  to  prove  this  if  possible  by  actual 
experiment,  which  had  not  yet  been  done.  Accordingly 
.on  July  12  I  brought  a  bee  to  some  honey  which 
I  placed  on  blue  paper,  and  about  3  feet  off  I 
placed  a  similar  quantity  of  honey  on  orange  paper. 
After  she  had  returned  twice  I  transposed  the 
papers;   but  she  returned  to  the  honey  on  the  blue 

u  2 
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paper.  After  she  had  made  three  more  visits,  always 
to  the  blue  paper,  I  transposed  them  again,' and  she 
again  followed  the  colour,  though  the  honey  was  left 
in  the  same  place.  The  following  day  I  was  not  able  to 
watch  her ;  but  on  the  14th  at — 

7.29  A.M.  she  returned  to  the  honey  on  the  blue  paper* 

7.31  left. 
7.44  „  „  7.41    „ 

7.56  „  „ 

I  then  again  transposed  the  papers.  At  8.5  she 
returned  to  the  old  place,  and  was  just  going  to 
alight ;  but  observing  the  change  of  colours,  without  a 
moment's  hesitation  darted  off  to  the  blue.  No  one 
who  saw  her  at  that  moment  could  have  entertained 
the  slightest  doubt  about  her  perceiving  the  difference 
between  the  two  colours.     At  8.9  she  went. 

8.13  she  returned  to  the  blue ;   8.16  went. 
8.20  „  „  8.23    „ 

8.26  „  „  8.30    „ 

Transposed  the  colours  again. 

At  8.35  she  returned  to  the  blue,  and  at  8.39  went* 


0.44                     ,)                    }, 

8.47 

» 

8.50                    „                    „ 

8.53 

9% 

Transposed  the  colours  again. 

8.57  she  returned  again  to  the  blue ; 

9.  0 

9> 

9.  4                   „                   „ 

9.  7 

99 

9.12 

9.15 

?> 
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9.19  she  returned  again  to  the  blue ; 

9.22  went. 

9.25 

55 

55 

9.27 

55 

9.30 

55 

55 

9.34 

55 

9.40 

55 

55 

9.44 

55 

9.50 

55 

55 

9.55 

55 

Transposed 

the  colours 

again. 

10.  2  she  returned  again  to  the  blue  ; 

10.  6 

55 

10.10 

55 

55 

10.14 

55 

10.20 

55 

5? 

10.25 

55 

10.30 

55 

55 

10.34 

55 

10.40 

55 

55 

10.44 

55 

10.48 

55 

55 

10.51 

55 

11.12 

55 

55 

11.14 

55 

11.21 

55 

and  flew  about,  having 

been  disturbed 

.. 

11.26 

55 

55 

11.28  went. 

11.36 

55 

55 

11.40 

55 

12.  5  came  and  flew  about,  but  did  not  settle  till — 
12.17  she  returned  again  to  the  blue ;  12.17  went. 
12.21  came  and  fl^w  about. 

Though  it  was  a  beautifcQ  afternoon,  she  did  not 
return  any  more  that  day. 

On  October  2  I  placed  some  honey  on  slips  of  glass 
resting  on  black,  white,  yellow,  orange,  green,  blue, 
and  red  paper.  A  bee  which  was  placed  on  the  orange 
returned  twenty  times  to  that  slip  of  glass,  only  once 
or  twice  visiting  the  others,  though  I  moved  the  posi- 
tion and  also  the  honey.     The  next  morning  again  two 
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or  three  bees  paid  twenty-one  visits  to  the  orange  and 
yellow,  and  only  four  to  all  the  other  slips  of  glass.  I 
then  moved  the  glass,  after  which,  out  of  thirty-twO" 
visits,  twenty-two  were  to  the  orange  and  yellow. 
This  was  due,  I  believe,  to  the  bee  having  been  placed 
on  the  orange  at  the  beginning  of  the  experiment* 
I  do  not  attribute  it  to  any  preference  for  the 
orange  or  yellow ;  indeed,  I  shall  presently  give  reasons 
for  considering  that  blue  is  the  favourite  colour  of 


October  6. — ^I  had  ranged  my  colours  in  a  line,  with 
the  blue  at  one  end.  It  was  a  cold  morning,  and  only 
one  bee  came.  She  had  been  several  times  the  pre- 
ceding day,  generally  to  the  honey  which  was  on  the 
blue  paper.  This  day  also  she  came  to  the  blue ;  I 
moved  the  blue  gradually  along  the  line  one  stage 
every  half-hour,  during  which  time  she  paid  fifteen 
visits  to  the  honey,  in  every  case  going  to  that  which 
was  on  the  blue  paper. 

Again,  on  September  13  at  11  a.m.,  I  brought  up  a 
bee  from  one  of  my  hives ;  at  11.40  she  returned  to 
honey  which  I  had  put  on  a  slip  of  glass  on  green  paper* 
She  returned  at  11.51.     And  again  at 

12.  1 

12.13 

12.22 

12.33 

12.46 

12.58 
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She  returned  at  1.12.    This  time  she  lost  her  way  in 

the  room. 
1.49 

„  2.  1.     This  time  she  got  stuck  in  the 

honey,  and   had   to  clean 
herself. 
2.25 

„  2.40.    I  now  put  red  paper  instead 

of  the  green,  and  put  the 
green  paper  with  a  similar 
quantity  of  honey  on  it  a 
foot  off. 

„  2.51  to  the  honey  on  green  paper. 

I  then  gently  moved  the 
green  paper,  with  the  bee 
on  it,  back  to  the  old  spot. 
When  the  bee  had  gone,  I 
put  yellow  paper  where  the 
green  had  been,  and  put 
the  green  again  a  foot  off. 

^  3>  0  to    the    honey  on    the  yellow 

paper.  I  disturbed  the 
bee,  and  she  at  once  flew 
to  the  honey  on  the  green 
paper ;  when  she  had  gone, 
I  put  orange  paper  in  the 
old  place,  and  put  the  green 
paper  about  a  foot  off. 

3,  3.10  to  the  honey  on  the  green  paper. 
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I  again  gently  moved  the 
paper,  with  the  bee  on  it, 
to  the  usual  place;  and 
when  the  bee  had  gone, 
put  white  paper  in  the  old 
place,  and  put  the  green  a 
.  foot  oflF. 
She  returned  at  3.20  to  the  honey  on  the  green  paper. 

I  again  gently  moved  the 
green  paper,  with  the  bee 
on  it,  to  the  old  place ;  and 
when  she  had  gone,  re- 
placed it  by  blue  paper, 
putting  the  green  a  foot  oflF. 
„  3.30  to  the  honey  on  the  green  paper. 

I  again  repeated  the  same 
thing,   putting  yellow  in- 
stead of  blue. 
„  3.40  to  the  green  paper.     I  now  re 

versed  the  position  of  the 
yellow  and  green  papers; 
but 
„  3.51  to  the  green.     After  this 

4.6 
4.15 
„  4.28,  when  she  left  oflF  for  the  day, 

nor  were  there  any  bees  still  working  in  the  garden. 
The  same  afternoon  a  wasp,  which  I  was  observing, 
remained  at  work  till  6.29  p.m. 
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August  20. — About  noon  I  brought  five  bees  to 
some  honey  at  my  window.  They  all  soon  returned, 
and  numerous  Mends  came  with  them.  One  of  them 
I  put  to  some  honey  on  blue  paper.  She  returned  as 
follows,  viz. : — 


At  12.36 
12.42 
12.53 
1.28 
1.38 
1.49 
2.  2 
2.11 
2.24 


At  2.30 
2.38 

3.  2 
3.10 
3.22 
3.50 

4.  4 
4.14 
4.23 


when  I  left  off  watching  and  shut  her  out.  The  longer 
intervals  are  due  to  her  having  got  some  honey  every 
now  and  tlben  on  her  wings  and  legs,  when  she  lost  a 
little  time  in  cleaning  herself. 

August  21. — ^I  opened  my  window  at  6  ajii.  No 
bee  came  till  at  7.33  the  one  above-mentioned  came  to 
the  honey  on  blue  paper. 

I  also  placed  some  honey  on  orange  paper  about 
two  feet  off. 

At  7.42  she  returned  to  the  honey  on  blue  paper, 
and  again 
7.55  she  returned  to  the  honey  on  blue  paper. 

8.14  «,  „ 
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At  8.25  She  returned  to  the  honey  on  blue  paper.. 
8.36  „  „ 

0.44  ,9  ,9 

8.54  jy  J, 

9.  5  „  ,9 

I  then  transposed  the  papers,  but  not  the  honey. 

At  9.16  she  came  back  to  the  honey  on  blue  paper.. 
I  then  transposed  the  papers  again. 

At  9.29  she  came  back  to  the  honey  on  blue  paper. 
I  then  transposed  them  again. 

At  9.39  „  ,,  jj  jj 

At  9.53  she  came  back  to  the  honey  on  blue  paper. 
I  now  put  green  paper  instead  of  orange,  and  transposed 
the  places. 

At  10.0  she  came  back  to  the  honey  on  green  paper, 
I  transposed  them  again. 

At  10.8  she  came  back  to  the  honey  on  blue  paper. 
I  transposed  them  again. 

At  10.21  she  came  back  to  the  honey  on  green  paper. 
I  now  put  red  paper  instead  of  green,  and  transposed 
the  places. 

At  10.30  she  came  back  to  the  honey  on  blue  paper. 
I  transposed  them  again. 

At  10.42  „  „  „  „ 

10.53  „  „  ,,  „ 

!!•  4  „  „  „  „ 

11»16  „  ,9  „  „ 

I  now  put  white  paper  instead  of  red,  and  trans- 
posed the  places. 
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At  11.28  she  came  back  to  the  honey  on  blue  paper. 
I  transposed  them  again. 

At  11.41  „  „  „  „ 

11.00  ,y  99  „  „ 

l^»     O  5>  W  99  55 

At  12.17  she  came  back  to  the  honey  on  blue  p^per. 
1  now  put  green  paper  again  instead  of  white,  and 
transposed  the  places. 

At  12.27  she  came  back  to  the  honey  on  blue  paper. 
I  transposed  them  again. 

At  12.40 

12.50  yj  „  „  „ 

!•     0  yy  yy  99  yy 

1*1 3  59  yj  55  55 

At  1.25  she  came  back  to  the  honey  on  blue 
paper,  and  then  to  the  green.  I  transposed  them 
again. 

At  1.40  she  came  back  to  the  honey  on  blue  paper. 
I  transposed  them  again. 

At  1.47  she  came  back  to  the  honey  on  green  paper. 
„  1.57  she  came  back  to  the  honey  on  blue  paper, 
and  then  to  the  green. 

At  2.  6  she  came  back  to  the  honey  on  blue  paper. 
55  2.17  „  „  „  „ 

The  following  day  I  accustomed  this  bee  to  green 
paper.  She  made  63  visits  (beginning  at  7.47  and 
ending  at  6.44),  of  which  50  were  to  honey  on  green 
paper. 

The  following  day,  August  23,  she  began  work, — 
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At  7.12  returning  to  honey  on  green  paper.  I  then 
put  some  on  yellow  paper  about  a  foot  oflF. 

At  7.19  she  turned  to  the  honey  on  green  paper, 
I  transposed  the  colours. 

At  7.25  she  turned  to  the  honey  on  green  paper, 
I  replaced  the  yellow  paper  by  orange  and  transposed 
the  places. 

At  7.36  she  turned  to  the  honey  on  green  paper. 
I  transposed  the  colours  so  that  the  orange  might  be  on 
the  spot  to  which  the  bee  was  most  accustomed. 

At  7.44  she  turned  to  the  honey  on  green  paper. 
I  now  put  white  instead  of  orange. 

At  7.55  she  turned  to  the  honey  on  green  paper. 
Transposed  the  papers. 

At  8.1  she  turned  to  the  honey  on  green  paper. 
I  now  put  blue  paper  instead  of  white. 

At  8.12  she  turned  to  the  honey  on  blue  paper; 
but  it  will  be  remembered  that  she  had  been  previously 
accustomed  to  come  to  the  blue.  I  now  put  red  instead 
of  blue. 

At  8.23  she  turned  to  the  honey  on  green  paper. 

8.25  fy  yy  yy  ,9 

8.47  99  99  99  99 

I  then  ceased  observing  and  removed  the  honey. 

Thus  the  bee  which  was  accustomed  to  green9 
returned  to  that  colour  when  it  was  removed  about  a 
foot9  and  replaced  by  yellow9  orange,  white,  and  red ; 
but9  on  the  other  hand,  when  it  was  replaced  by  blue, 
she  went  to  the  blue.     I  kept  this  bee  under  obser- 
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vation    till    the   28th,    but    not  with    reference    to 
colours. 

August  24. — ^At  7.45  1  put  another  bee  to  honey 
on  green  paper,  to  which  she  kept  on  returning  till 
9.44.  The  next  day  (August  25)  she  came  at  7.38,  and 
I  let  her  come  to  the  green  paper  till  9.  The  follow- 
ing morning  she  returued  at  6  a.m.,  coming  back  as 
follows,  viz. : — 

At  6.10 
6.18 
6.25 
6.35 
6.45 
6.54 
7.  3 
7.13 

I  now  put  orange  in  place  of  green,  and  put  the 
green  a  foot  off. 

At  7.24  she  returned  to  the  green.  I  replaced  the 
paper  with  the  bee  on  it ;  and  when  she  had  gone  I 
put  light  blue  in  place  of  the  green,  and  again  moved 
the  green  a  foot  off. 

At  7.36  she  retimied  to  the  blue.  I  again  replaced 
the  paper  with  the  bee  on  it ;  and  when  she  had  gone  I 
put  yellow  in  place  of  the  green,  and  again  moved  the 
green  a  foot  off. 

At  7.44  she  returned  to  the  green.      I  then  did 
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exactly  the  same,  only  putting  vermilion  in  place  of 
the  green. 

At  7.55  she  returned  to  the  green.  I  then  did  ex- 
actly the  same,  only  putting  white  in  place  of  green. 

At  8.  3  „  „  „  jj 

These  observations  clearly  show  that  bees  possess 
the  power  of  distinguishing  colours. 

It  remained  to  determine^  if  possible,  whether 
they  have  any  preference  for  one  colour  over  another. 
M.  Bonnier  in  a  recent  memoir^  denies  this.  Re- 
does not  question  the  power  of  insects  to  distinguish 
colours,  which  he  admits  that  the  preceding  observa- 
tions clearly  prove,  but  he  maintains  that  they  would 
not  be  in  any  way  attracted  or  guided  by  the  colours 
of  flowers.  This  he  has  attempted  to  demonstrate  by 
experiment.  With  this  view  he  proceeded  as  follows : 
— He  took  four  cubes,  22  centim.  by  12  (i.e.  about  9 
inches  by  3^),  and  coloured  red, green,  yellow,  and  white, 
placing  them  6  feet  apart  in  a  line  parallel  to  and  about 
60  feet  distant  from  the  hives.  He  then  placed  on 
each  an  equal  quantity  of  honey,  and  from  minute 
to  minute  counted  the  number  of  bees  on  each  cube. 
He  found  that  the  number  of  bees  on  each  was  approx- 
imately equal,  and  that  the  honey  was  removed  from 
each  in  about  twenty  minutes.  In  the  experiment  he 
records  the  bees  began  to  arrive  directly  the  honey 
was  arranged,  and  in  ten  minutes  there  were  nearly  a 
hundred  bees  on  each  cube.    I  presume,  therefore,  that 

'  Les  Nectaires, 
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the  bees  were  previously  accustomed  to  come  to  the 
spot  in  question,  expecting  to  find  honey. 

I  do  not  think,  however,  that  any  conclusive  result 
could  be  expected  from  this  experiment.  In  the  first 
place,  after  the  first  five  minutes  there  were  about 
thirty  bees  on  each  cube,  and  in  less  than  ten  minutes 
nearly  a  hundred,  and  the  colour  therefore  must  have 
been  almost  covered  up.  The  presence  of  so  many  bees 
would  also  attract  their  companions.  Moreover,  as  the 
honey  was  all  removed  in  less  than  twenty  minutes,  the 
bees  were  evidently  working  against  time.  They  were 
like  the  passengers  in  an  express  train,  turned  hurriedly 
into  a  refreshment-room ;  and  we  cannot  expect  that 
they  would  be  much  influenced  by  the  colouring  of  the 
tablecloth.  In  feet,  the  experiment  was  too  hurried, 
^nd  the  test  not  delicate  enough. 

Then,  again,  he  omitted  blue,  which  I  hope  to  show 
is  the  bee's  fevourite  colour,  and  his  cubes  were  all 
<K)loured.  It  is  true  that  one  was  green ;  but  any  one 
may  satisfy  himself  that  a  piece  of  green  paper  on 
grass  is  almost  as  conspicuous  as  any  other  colour.  To 
make  this  experiment  complete,  M.  Bonnier  should 
have  placed  beside  the  honey  on  the  coloured  cubes  a 
tsimilar  supply,  without  any  accompaniment  of  colour  to 
render  it  conspicuous. 

I  could  not,  therefore,  regard  these  experiments  as 
at  all  conclusive.  The  following  seem  to  me  a  more 
fair  test : — 

I  took  slips  of  glass  of  the  size  generally  used  for 
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slides  for  the  microscope,  viz.  3  inches  by  1,  and  pasted 
on  them  slips  of  paper  coloured  respectively  blue,  green, 
orange,  red,  white,  and  yellow.  I  then  put  them  on  a  lawn, 
in  a  row,  about  a  foot  apart,  and  on  each  put  a  second 
slip  of  glass  with  a  drop  of  honey.  I  also  put  with  them 
a  slip  of  plain  glass  with  a  similar  drop  of  honey.  I  had 
previously  trained  a  marked  bee  to  come  to  the  place  for 
honey.  My  plan  then  was,  when  the  bee  returned  and 
had  sipped  about  for  a  quarter  of  a  minute,  to  remove  the 
honey,  when  she  flew  to  another  slip.  This  then  I  took 
away,  when  she  went  to  a  third ;  and  so  on.  In  this 
way — as  bees  generally  suck  for  three  or  four  minutes 
— ^I  induced  her  to  visit  all  the  drops  successively  before 
returning  to  the  nest.  When  she  had  gone  to  the  nest 
I  transposed  all  the  upper  glasses  with  the  honey,  and 
also  moved  the  coloured  glasses.  Thus,  as  the  drop  of 
honey  was  changed  each  time,  and  also  the  position  of 
the  coloured  glasses,  neither  of  these  could  influence 
the  selection  by  the  bee. 

In  recording  the  results  I  marked  down  successively 
the  order  in  which  the  bee  went  to  the  diffei'ent  coloured 
glasses.  For  instance,  in  the  first  journey  from  the 
nest,  as  recorded  below,  the  bee  lit  first  on  the  blue, 
which  accordingly  I  marked  1 ;  when  disturbed  from 
the  blue,  she  flew  about  a  little  and  then  lit  on  the 
white;  when, the  white  was  removed,  she  settled  on 
the  green ;  and  so  on  successively  on  the  orange,  yellow, 
plain,  and  red.  I  repeated  the  experiment  a  hundred 
times,  using  two  different  hives — one  in  Kent  and 
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one  in  Middlesex — and  spreading  the  observations  over 
fiome  time,  so  as  to  experiment  with  diflferent  bees, 
and  under  varied  circumstances.  Adding  the  numbers 
together,  it  of  course  follows  that  the  greater  the 
preference  shown  for  each  colour  the  lower  will  be  the 
number  standing  against  it. 

The  following  table  gives  the  first  day's  observa- 
tions m  extenso : — 


Journeys 

Blue 

Green 

Plain 
Glass 

Orange 

Bed 

White 

Yellow 

1 

2 

3 

4 

6 

6 

7 

8  . 

9 
10 
11 

1 
5 
1 
9. 
1 
I 
2 
3 
5 
1 
4 

3 
4 
4 
4 
4 
2 
1 
4 
1 
6 
6 

6 
7 
7 
6 
7 
3 
4 
6 
7 
7 
6 

4 
6 
6 
7 
2 
6 
7 
2 
4 
5 
2 

7 
1 
5 
5 
6 
6 
3 
7 
6 
3 
7 

2 
2 
3 
1 
5 
4 
5 
5 
3 
2 
3 

6 
3 
2 
3 
3 
7 
6 
1 
2 
4 
1 

26 

39 

66 

61 

55 

35 

37 

In  the  next  series  of  experiments  the  bees  had 
been  trained  for  three  weeks  to  come  to  a  particular 
spot  on  a  large  lawn,  by  placing  from  time  to  time 
honey  on  a  piece  of  plain  glass.  This  naturally  gave 
the  plain  glass  an  advantage ;  nevertheless,  as  will  be 
seen,  the  blue  still  retained  its  pre-eminence.  It  seems 
hardly  necessary  to  give  the  observations  in  detail. 
The  following  table  shows  the  general  result : — 
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Series 

No.  of 
Exp. 

Blue 

Green 

Orange 

Plain 

Red 

White 

YeUow 

1st        

11 

26 

39 

51 

65 

56 

35 

37 

2nd,  May  30  ... 

16 

38 

57 

59 

72 

66 

58 

70 

3rd,  July   2  ... 

16 

44 

76 

82 

73 

63 

53 

67 

4th,      „      4  ... 

15 

43 

61 

«4 

80 

66 

50 

56 

5th,      „      5  ... 

10 

36 

47 

39 

40 

40 

36 

42 

6th,      „      6  ... 

2 

2 

8 

9 

10 

14 

6 

7 

7th,      „    20  ... 

11 

33 

39 

50 

47 

49 

41 

49 

8th,      „    23  ... 

10 

31 

46 

48 

52 

37 

85 

31 

9th,      „    25  ... 

10 

22 

54 

38 

52 

33 

35 

46 

100 

275 

427 

440 

491 

413 

349 

405 

The  precautions  taken  seem  to  me  to  have  placed 
the  colours  on  an  equal  footing ;  while  the  number  of 
experiments  appears  sufficient  to  give  a  fair  average. 
It  will  be  observed  also  that  the  different  series  agree 
well  among  themselves.  The  difference  between  the 
numbers  is  certainly  striking.  Adding  together  1,  2, 
3,  4,  5,  6,  and  7,  we  get  28  as  the  total  number  given 
by  each  journey ;  100  journeys  therefore  give,  as  the 
table  shows,  a  total  of  2,800,  which  divided  by  7  would 
of  course,  if  no  preference  were  shown,  give  400  for 
each  colour.  The  numbers  given,  however,  are — ^for 
the  blue  only  275,  for  the  white  349,  yellow  405,  red 
413,  green  427,  orange  440,  and  plain  glass  as  many  as 
491. 

Another  mode  of  testing  the  result  is  to  take  the 
per-centage  in  which  the  bees  went  respectively  to  each 
colour  first,  second,  third,  and  so  on.  It  will  be 
observed,  for  instance,  that  out  of  a  hundred  rounds 
the  bees  took  blue  as  one  of  the  first  three  in  74  cases. 
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and  one  of  the  last  four  only  in  26  cases ;  while,  on  the 
contrary,  they  selected  the  plain  as  one  of  the  first 
three  only  in  25  cases,  and  one  of  the  last  four  in  75 
cases. 


Blue 

Green 

Orange 

Plain 

Bed 

White 

Yellow 

First 

31 

10 

11 

5 

14 

19 

9 

Second      ... 

18 

11 

13 

7 

10 

21 

20 

Third 

25 

12 

8 

13 

16 

13 

13 

Fourth 

8 

23 

15 

11 

11 

12 

20 

Fifth 

11 

13 

15 

19 

17 

16 

10 

Sixth 

3 

15 

22 

21 

18 

•    12 

9 

Seventh    ... 

4 

16 

16 

24 

14 

7 

19 

100 

100 

100 

100 

100 

100 

100 

I  may  add  that  I  was  by  no  means  prepared  for 
this  result.  Miiller,  in  his  remarkable  volume  on 
Alpine  Flowers,  states  that  bees  are  much  more  attracted 
by  yellow  than  by  white.^  In  the  same  work  he  gives 
the  following  table : — 


Flowers 

In  eyery  100  visits  of  insects 
there  were 

Butterflies 

Bees 

Flies  and 
Onats 

Other 
insects 

3  yellowish-white  species 
23  yeUow 
16  red 

7  blue 

12-8 
47 
51-4 
64-9 

51-3 
27-5 
351 
26-6 

15-4 

281 

9-2 

10-7 

20-5 
7-2 
8-2 
1-9 

This  table  does  not  indeed  show  any  absolute  pre- 
ference for  one  colour  rather  than  auother.  In  the 
first  place,  the  number  of  species  compared  is  very 
different  in  the  case  of  the  different  colours ;  and  in 

*  AVpenblvmen^  p.  487. 
X  2 
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the  second  place,  the  results  may  of  course  be  due  to 
the  taste,  quantity,  or  accessibility  of  the  honey  (all  of 
which  we  know  exercise  a  great  influence),  rather  than 
by  the  colour  of  the  flower.  Still  the  table  rather 
seemed  to  indicate  that  bees  preferred  red,  white,  and 
yellow,  to  blue. 

I  may  very  likely  be  asked,  if  blue  is  the  fsivourite 
colour  of  bees,  and  if  bees  have  had  so  much  to  do 
with  the  origin  of  flowers,  how  is  it  that  there  axe 
so  few  blue  ones?  I  believe  the  explanation  to  be 
that  all  blue  flowers  have  descended  from  ancestors 
in  which  the  flowers  were  green;  or,  to  speak  more 
precisely,  in  which  the  leaves  immediately  surround- 
ing the  stamens  and  pistil  were  green ;  and  that  they 
have  passed  through  stages  of  white  or  yellow,  and  gene- 
rally red,  before  becoming  blue.  That  all  flowers  were 
originally  green  and  inconspicuous,  as  those  of  so  many 
plants  are  still,  has,  I  think,  been  shown  by  recent 
researches,  especially  those  of  Darwin,  Miiller,  and 
Hildebrand. 

But  what  are  the  considerations  which  seem  to 
justify  us  in  concluding  that  blue  flowers  were  formerly 
yellow  or  white  ?  Let  us  consider  some  of  the  orders 
in  which  blue  flowers  occur  with  others  of  different 
colours. 

For  instance,  in  the  Eanunculaceae,*  those  with 
simple  open  flowers,  such  as  the  buttercups  andThalic- 

>  I  take  most  of  the  foUowing  facts  from  MiiUer*s  admirable 
work  on  Alpine  Flowers. 
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tmms,  are  generally  yellow  or  white.  The  blue 
delphiniums  and  aconites  are  highly  specialised, 
abnormal  forms,  and  doubtless,  therefore,  of  more  recent 
origin.  Among  the  Caryophyllacese  the  red  and  purplish 
species  are  amongst  those  with  highly  specialised 
flowers,  such  as  Dicmthus  and  Sapcmxvria,  while  the 
simple  open  flowers,  which  more  nearly  represent  the 
ancestral  type,  such  as  SteUariaj  Ceraatium,  &c.,  are 
yellow  and  white. 

Take,  again,  the  Primulacese.  The  open-flowered, 
honeyless  species,  such  as  Lyaimachia  and  Triental/isy 
are  generally  white  or  yellow ;  while  red,  purple,  and 
blue  occur  principally  in  the  highly  specialised  species 
with  tubular  flowers.  The  genus  Anagallia  here,  how- 
erer,  certainly  forms  an  exception. 

Among  the  violets  we  find  some  yellow,  some  blue 
species,  and  Miiller  considers  that  the  yellow  is  the 
original  colour.  Viola  hiflora^  a  small,  comparatively 
little  specialised  fly-flower,  is  yellow ;  while  the  large, 
long-spurred  F.  calcarata^  specially  adapted  to  humble- 
bees,  is  blue.  In  F.  tricolor^  again,  the  smaller 
varieties  are  whitish-yellow;  the  larger  and  more 
highly  developed,  blue.  Myoaotia  veraicolor  we  know 
is  first  yellow  and  then  blue ;  and,  according  to  Miiller, 
one  variety  of  F.  tricolor  alpeatria  is  yellow  when  it 
first  opens,  and  gradually  becomes  more  and  more  blue. 
In  this  case  the  individual  flower  repeats  the  phases 
which  in  past  times  the  ancestors  have  passed  through. 

The  only  other  family  I  will  mention  is  that  of  the 
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Crentians.  Here,  also,  while  the  weU-known  deep  blue 
species  have  long  tubular  flowers,  specially  adapted  to 
bees  and  butterflies,  the  yellow  Oenticma  lutea  has 
a  simple  open  flower  with  exposed  honey. 

Miiller  and  Hildebrand  ^  have  also  pointed  out  that  the 
blue  flowers,  whieh,aecording  to  this  view,  are  descended 
from  white  or  yellow  ancestors,  passing  in  many  cases 
through  a  red  stage,  frequently  vary,  as  if  the  colours  had 
not  had  time  to  fix  themselves,  and  by  atavism  assimie 
their  original  colour.  Thus  AquUegia  vulgaris^  Ajuga, 
Qenevenaisj  Poly  gala  vulgaris^  P.  comoaa^  Salvia  pra- 
tensiSf  Myoaotis  alpestria,  and  many  other  blue  flowers, 
are  often  reddish  or  white ;  Viola  caZcarata  is  normally 
blue,  but  occasionally  yellow.  On  the  other  hand,  flowers 
which  are  normally  white  or  yellow,  rarely,  I  might 
almost  say  never,  vary  to  blue.  Moreover,  though  it  is 
true  that  there  are  comparatively  few  blue  flowers,  still, 
if  we  consider  only  those  in  which  the  honey  is  con- 
cealed, and  which  are,  as  we  know,  specially  suited  to 
and  frequented  by  bees  and  butterflies,  we  find  a  larger 
proportion.  Thus,  of  150  flowers  with  concealed  honey 
observed  by  Miiller  in  the  Swiss  Alps,^  68  were  white 
or  yellow,  52  more  or  less  red,  and  30  blue  or  violet. 

However  this  may  be,  it  seems  to  me  that  the 
preceding  experiments  show  conclusively  that  bees  do 
prefer  one  colour  to  another,  and  that  blue  is  distinctly 
their  fevourite. 

^  Die  Fa/rben  der  Bluthen,  p.  26. 
*  Alpenblnmen,  p.  492. 
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CHAPTEE  XI. 

WASPS. 

I  HAVE  also  made  a  few  experiments  with  wasps. 

So  far  as  their  behaviour,  when  they  have  discovered 
a  store  of  food,  is  concerned,  what  has  been  said  with 
reference  to  bees  would  apply  in  the  main  to  wasps  also. 
I  will  give  some  of  the  details  in  the  Appendix,  and 
here  only  refer  very  briefly  to  some  of  the  experiments. 

Experiment  1. — ^Watched  a  wasp,  which  I  had  accus- 
tomed to  come  to  my  room  for  honey,  from  9.36  a.m.  to 
6.25  P.M.  She  made  forty-five  visits  to  the  honey,  but 
did  not  bring  a  single  comrade. 

Eaypervment  2. — The  following  day  this  wasp  began 
working — at  least,  came  to  my  room  for  the  first  time  at 
6.55  A.M.,  and  went  on  passing  backwards  and  forwards 
most  industriously  till  6.17  p.m.  She  made  thirty-eight 
journeys,  and  did  not  bring  a  single  friend. 

Eaypervment  3. — Another  wasp  was  watched  from 
6.16  A.M.  till  6  P.M.  She  made  fifty-one  journeys,  and 
during  the  day  five  other  wasps  came  to  the  honey.  I 
do  not  think  she  brought  them. 

Eayperiment  4. — Another  wasp  was  watched  from 
10  A.M.  to  5.15  P.M. ;   she  made  twenty-eight  journeys. 
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and  brought  po  friend.  This  wasp  returned  the  next 
morning  at  6  a.m. 

Expervment  5, — A  wasp  was  watched  from  11.56 
A.M.  to  5.36  P.M.  She  made  twenty-three  journeys, 
without  bringing  a  friend. 

Exfpervment  6. — Another  wasp  between  6.40  a.m. 
and  6.66  p.m.  made  sixty  journeys,  without  bringing  a 
friend. 

ExperimeTvt  7. — Another  wasp  between  7.25  a.m. 
and  6.43  p.m.  made  no  less  than  ninety-four  visits  to 
the  honey,  but  did  not  bring  a  single  friend. 

Eocperiment  8. — I  watched  a  wasp  on  September  19. 
She  passed  regularly  backwards  and  forwards  between  the 
nest  and  the  honey,  but  during  the  whole  day  only  one 
other  wasp  came  of  herself  to  the  honey ;  this  wasp 
returned  on  the  20th,  but  not  one  other.  The  21st  was 
a  hot  day,  and  there  were  many  wasps  about  the  house ; 
my  honey  was  regularly  visited  by  the  two  marked  wasps, 
but  during  the  whole  day  only  fire  others  came  to  it. 

Septemher  22. — Again  only  one  strange  wasp  came, 
up  to  one  o'clock. 

September  27. — Only  one  strange  wasp  came 

October  2  and  3. — These  days  were  cold ;  a  few 
marked  bees  and  wasps  came  to  my  honey,  but  no 
strangers. 

October  4. — Two  strangers. 

October  6. — Only  one  stranger. 

On  these  days  the  honey  was  watched  almost  with- 
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out  intermission  the  whole  day,  and  was  more  or  less 
regularly  visited  by  the  marked  bees  and  wasps. 

My  experiments,  then,  in  opposition  to  the  state- 
ments of  Huber  and  Dujardin,  serve  to  show  that  wasps 
and  bees  do  not  in  all  eases  convey  to  one  another  in- 
formation as  to  food  which  they  may  have  discovered, 
though  I  do  not  doubt  that  they  often  do  so.  Of 
<30urse,  when  one  wasp  has  discovered  and  is  visiting 
a  supply  of  syrup,  others  are  apt  to  come  too ;  but  I 
believe  that  in  many  instances  they  merely  follow  one 
another.  If  they  communicated  the  fact,  considerable 
numbers  would  at  once  make  their  appearance  ;  but  I 
have  not  often  found  this  to  be  the  case.  The  frequent 
and  regular  visits  which  my  wasps  paid  to  the  honey 
put  out  for  them,  prove  that  it  was  very  much  to  their 
taste ;  yet  few  others  made  their  appearance. 

These  and  other  observations  of  the  same  tendency 
seem  to  show  that,  even  if  wasps  have  the  power  of  in- 
forming one  another  when  they  discover  a  store  of  good 
food,  at  any  rate  they  do  not  habitually  do  so. 

On  the  whole,  wasps  seem  to  me  more  clever  in 
finding  their  way  than  bees.  I  tried  wasps  with  the 
glass  mentioned  on  p.  278,  but  they  had  no  difficulty 
in  finding  their  way  out. 

My  wasps,  though  courageous,  were  always  on  the 
alert,  and  easily  startled.  It  was,  for  instance,  more 
difficult  to  paint  them  than  the  bees ;  nevertheless, 
though  I  tried  them  with  a  set  of  timing-forks  covering 
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three  octaves,  with  a  shrill  whistle,  a  pipe,  a  violin,  and 
my  own  voice,  making  in  each  case  the  loudest  and 
shrillest  soimds  in  my  power,  I  could  see  no  symptoms 
in  any  case  that  they  were  conscious  of  the  noise. 

The  following  fact  struck  me  as  rather  remarkable. 
One  of  my  wasps  smeared  her  wings  with  syrup,  so  that 
she  could  not  fly.  When  this  happened  to  a  bee,  it  was 
only  necessary  to  carry  her  to  the  alighting-board,  when 
she  was  soon  cleaned  by  her  comrades.  But  I  did  not 
know  where  this  wasp's  nest  was,  and  therefore  could 
not  pursue  a  similar  course  with  her.  At  first,  then, 
I  was  a&aid  that  she  was  doomed.  I  thought,  however, 
that  I  would  wash  her,  fully  expecting,  indeed,  to  terrify 
her  so  much  that  she  would  not  return  again.  I  there- 
fore caught  her,  put  her  in  a  bottle  half  full  of  water, 
and  shook  her  up  well  till  the  honey  was  washed  off.  I 
then  transferred  her  to  another  bottle,  and  put  her  in 
the  sun  to  dry.  When  she  appeared  to  have  recovered 
I  let  her  out :  she  at  once  flew  to  her  nest,  and 
I  never  expected  to  see  her  again.  To  my  surprise,  in 
thirteen  minutes  she  returned  as  if  nothing  had  hap- 
pened, and  continued  her  visits  to  the  honey  all  the 
afternoon. 

This  experiment  interested  me  so  much  that  I  re- 
peated it  with  another  marked  wasp,  this  time,  how- 
ever, keeping  the  wasp  in  the  water  till  she  was  quite 
motionless  and  insensible.  When  taken  out  of  the 
water  she  soon  recovered ;  I  fed  her ;  she  went  quietly 
away  to  her  nest  as  usual,  and  returned  after  the  usual 
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absence.  The  next  morning  this  wasp  was  the  first  to 
visit  the  honey. 

I  was  not  able  to  watch  any  of  the  above-mentioned 
wasps  for  more  than  a  few  days,  but  I  kept  a  specimen 
of  PoUatea  gaU/ica  for  no  less  than  nine  months. 

I  took  her,  with  her  nest,  in  the  Pyrenees,  early  in 
May.  The  nest  consisted  of  about  twenty  cells,  the 
majority  of  which  contained  aa  egg ;  but  as  yet  no 
grubs  had  been  hatched  out,  and,  of  course,  my  wasp 
was  as  yet  alone  in  the  world. 

I  had  no  difficulty  in  inducing  her  to  feed  on  my 
hand ;  but  at  first  she  was  shy  and  nervous.  She  kept 
her  sting  in  constant  readiness ;  and  once  or  twice  in 
the  train,  when  the  railway  officials  came  for  tickets^ 
and  I  was  compelled  to  hurry  her  back  into  her  bottle^ 
she  stung  me  slightly — ^I  think,  however,  entirely  fi:om 
fright. 

Gradually  she  became  quite  tised  to  me,  and  when 
I  took  her  on  my  hand  apparently  expected  to  be  fed^ 
She  even  allowed  me  to  stroke  her  without  any  appear- 
ance of  fear,  and  for  some  months  I  never  saw  her 
sting. 

When  the  cold  weather  came  on  she  fell  into  a 
drowsy  state,  and  I  began  to  hope  she  would  hibernate 
and  survive  the  winter.  I  kept  her  in  a  dark  place,  but 
watched  her  carefolly,  and  fed  her  if  ever  she  seemed 
at  all  restless. 

She  came  out  occasionally,  and  seemed  as  well  as 
usual  till  near  the  end  of  February,  when  one  day  I 
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observed  she  had  nearly  lost  the  use  of  her  antennae, 
though  the  rest  of  the  body  was  as  usual.  She  would 
take  no  food.  Next  day  I  tried  again  to  feed  her ;  but 
the  head  seemed  dead,  though  she  could  still  move  her 
legs,  wings,  and  abdomen.  The  following  day  I  oflfered 
her  food  for  the  last  time  ;  but  both  head  and  thorax 
were  dead  or  paralysed ;  she  could  but  move  her  tail, 
a  last  token,  as  I  could  almost  fancy,  of  gratitude  and 
aflfection.  As  far  as  I  could  judge,  her  death  was  quite 
painless ;  and  she  now  occupies  a  place  in  the  British 
Museum. 

Power  of  diatvriguiahvng  Colours. 

As  regards  colours,  I  satisfied  myself  that  wasps  are 
capable  of  distinguishing  colour,  though  they  do  not 
seem  so  much  guided  by  it  as  bees  axe. 

JuJ/y  25. — At  7  a.m.  I  marked  a  common  worker 
wasp  {Veapa  vulgaris)^  and  placed  her  to  some  honey 
on  a  piece  of  green  paper  7  inches  by  4^.  She  worked 
with  great  industry.  After  she  had  got  well  used  to  the 
green  paper  I  moved  it  18  inches  oflf,  putting  some 
other  honey  on  blue  paper  where  the  green  had  pre- 
viously been.  She  returned  to  the  blue.  I  then  replaced 
the  green  paper  for  an  hour,  during  which  she  visited 
it  several  times,  after  which  I  moved  it  18  inches,  as 
before,  and  put  brick-red  paper  in  its  place.  She  returned 
to  the  brick-red  paper.  But  although  this  experiment 
indicates  that  this  wasp  was  less  strongly  aflfected  by 
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colours  than  the  bees  which  I  had  previously  observed, 
still  I  satisfied  myself  that  she  was  not  colour-blind. 

I  moved  the  green  paper  slightly  and  put  the 
honey,  which,  as  before,  was  on  a  slip  of  plain  glass, 
about  four  feet  oflf.  She  came  back  and  lit  on  the  green 
paper,  but  finding  no  honey,  rose  again,  and  hawked 
about  in  search  of  it.  After  90  seconds  I  put  the 
green  pap^r  under  the  honey,  and  in  15  seconds  she 
found  it.  I  then,  while  she  was  absent  at  the  nest, 
moved  both  the  honey  and  the  paper  about  a  foot  from 
their  previous  positions,  and  placed  them  about  a  foot 
apart.  She  returned  as  usual,  hovered  over  the  paper, 
lit  on  it,  rose  again,  flew  about  for  a  few  seconds,  lit 
again  on  the  paper,  and  again  rose.  After  2  minutes 
had  elapsed  I  slipped  the  paper  under  the  honey,  when 
she  almost  immediately  (within  5  seconds)  lit  on  it. 
It  seems  obvious,  therefore,  that  she  could  see  green. 

I  then  tried  her  with  red.  I  placed  the  honey  on 
brick-red  paper,  and  left  her  for  an  hour,  firom  5  p.m.  to 
6,  to  get  accustomed  to  it.  During  this  time  she  con- 
tinued her  usual  visits.  I  then  put  the  honey  and  the 
coloured  paper  about  a  foot  apart ;  she  returned  first 
to  the  paper  and  then  to  the  honey.  I  then  transposed 
the  honey  and  the  paper.  This  seemed  to  puzzle  her. 
She  returned  to  the  paper,  but  did  not  settle.  After 
she  had  hawked  about  for  100  seconds  I  put  the  honey 
on  the  red  paper,  when  she  settled  on  it  at  once.  I 
then  put  the  paper  and  the  honey  again  18  inches 
apart.     As  before,  she  returned  first  to  the  paper,  but 
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almost  immediately  went  to  the  honey.    In  a  similar 
manner  I  satisfied  myself  that  she  could  see  yellow. 

Again,  on  August  18  1  experimented  on  two  wasps, 
one  of  which  had  been  coming  more  or  less  regu- 
larly to  some  honey  on  yellow  paper  for  four  days,  the 
other  for  twelve — coming,  that  is  to  say,  for  several 
days,  the  whole  day  long,  and  on  all  the  others,  with 
two  or  three  exceptions,  for  at  least  three  hours  in  the 
day.  Both,  therefore,  had  got  well  used  to  the  yellow 
paper.  I  then  put  blue  paper  where  the  yellow  had 
been,  and  put  the  yellow  paper  with  some  honey 
on  it  about  a  foot  oflf.  Both  the  wasps  returned  to  the 
honey  on  the  blue  paper.  I  then  moved  both  the  papers 
about  a  foot,  but  so  that  the  blue  was  somewhat  nearer 
the  original  position.  Both  again  returned  to  the  blue. 
I  then  transposed  the  colours,  and  they  both  returned 
to  the  yellow. 

Very  similar  results  were  given  by  the  wasp  watched 
on  September  11.  After  she  had  made  twenty  visits 
to  honey  on  blue  paper,  I  put  it  on  yellow  paper,  and 
moved  the  blue  12  inches  off.  She  came  back  to  the 
yellow.  I  then  put  vermiKon  instead  of  yellow ;  she 
came  back  to  the  vermilion.  I  transposed  the  colours ; 
she  came  bgxjk  to  the  vermilion. 

I  put  white   instead  of  vermilion;    she  came  to 

the  blue. 
„      green        „        white ;  she  came  to  the  blue. 
„      orange      „        green ;  she  came  to  the  blue. 

I  transposed  the  colours ;  she  returned  to  the  orange. 
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I  put  white  instead  of  orange  ;  she  came  to  the  white. 
„     green  „  white ;  she  came  to  the  blue. 

„     purple         „  green ;    she   came   to    the 

purple. 
„     orange        „  purple;    she   came  to  the 

orange. 
„    green  „  orange;   she  came  to  the 

green. 
I  transposed  the  colours ;  she  came  to  the  blue. 

jj  99  99  5>    green. 

So  far,  therefore,  she  certainly  showed  no  special 
predilection  for  the  blue.  I  then  left  her  the  rest 
of  the  day  to  visit  the  honey  on  blue  paper  exclusively. 
She  made  fifty-eight  visits  to  it.  The  following 
morning  I  opened  my  window  at  6.15,  when  she  im- 
mediately made  her  appearance. 

I  let  her  make  ten  more  visits  to  the  honey  on  blue 
paper,  moving  it  about  a  foot  or  so  backwards  and 
forwards  on  the  table.  I  then  put  orange  paper  instead 
of  the  blue,  and  put  the  blue  about  a  foot  off.  She 
returned  to  the  orange. 

I  put  yellow  instead  of  orange ;  she  came  to  the 

yellow. 
„     vermilion       „      yellow;    she   came  to  the 

vermilion. 
„     white  „      she  came  to  the  white. 

„     green  „      white;    she  came    to  the 

green. 
I  transposed  the  colours  ;  she  came  to  the  blue. 
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I  now  put  vermilion  instead  of  green,  and  moved 
both  of  them  a  foot,  but  so  that  the  vermilion  was 
nearest  the  window,  though  touching  the  blue ;  she 
came  to  the  vermilion. 

Again,  September  11, 1  marked  a  wasp.  She  re- 
turned to  the  honey  over  and  over  again  with  her  usual 
assiduity.  The  following  morning  I  put  the  honey  on 
green  paper;  she  came  backwards  and  forwards  all  day. 
On  the  13th  I  opened  my  window  at  6.8,  and  she  came 
in  immediately.  During  an  hour  she  made  ten 
journeys.  On  her  leaving  the  honey  for  the  eleventh 
time,  I  placed  some  honey  on  vermilion  paper  where 
the  green  had  been,  and  put  the  honey  and  the  green 
paper  about  a  foot  ofiF. 


She  came  at  7.25  to  the  vermilion.  I  then  put  orange 

instead  of  vermilion. 
7.34      „       orange.       I    then  put  blue 

instead  of  orange. 
7.40      „       blue.     I  then  put  white  in- 
stead of  blue. 
7.47      „       white.     I  then  put  yellow  in- 
stead of  white. 
7.55      „       yellow  and  then  to  the  green. 
I  transposed  the  colours. 
8.  2      „       green.     I  then  moved  both 
colours  about  a  foot,  but  so  that  the  yellow  was  a  little 
nearer  to  the  old  place. 

She  returned  at  8.9  to  the  yellow. 
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I  then  removed  the  yellow  paper  and  honey,  and 
placed  the  honey  which  had  been  on  the  green  paper 
about  a  foot  from  it  on  the  table. 

At  8.15  she  returned  and  lit  on  the  green  paper, 
but  immediately  flew  off  to  the  honey.  I  then  trans- 
posed the  honey  and  the  paper. 

At  8.24  she  returned  and  again  lit  on  the  paper,  but 
immediately  flew  off  to  the  honey. 

Thus,  therefore,  though  it  is  clear  that  wasps  can 
distinguish  colours,  they  appear,  as  might  be  expected 
from  other  considerations,  to  be  less  guided  by  them, 
than  is  the  case  with  bees. 

I  have  been  much  struck  by  the  industry  of  wasps. 
They  commence  work  early  in  the  morning,  and  do  not 
leave  off  till  dusk.  I  have  several  times  watched  a 
wasp  the  whole  day,  and  from  morning  to  evening,  if 
not  disturbed,  they  worked  without  any  interval  for  rest 
or  refreshment.  One  of  my  wasps  made  no  less  than 
94  journeys  from  the  nest  to  the  honey  in  one  day. 
The  details  of  some  of  these  observations  are  given  in 
the  Appendix,  p.  405. 

Every  one  has  heard  of  a  *  bee-line.'  It  would  be 
no  less  correct  to  talk  of  a  wasp-line.  On  August  6 
I  marked  a  wasp,  the  nest  of  which  was  round  the 
comer  of  the  house,  so  that  her  direct  way  home 
was  not  out  of  the  window  by  which  she  entered, 
but  in  the  opposite  direction,  across  the  room  to  a 
window  which  was  closed.  I  watched  her  for  some 
hours,  during  which  time  she  constantly  went  to  the 
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wrong  window,  and  lost  much  time  in  bnzzing  about  at 
it.  August  7, 1  was  not  able  to  watch  her.  August  8 
and  9,  I  watched  her  from  6.25  A.M.,  when  she  made 
her  first  visit.  She  still  constantly  went  to  the  closed 
window.  August  10  and  11, 1  was  away  from  home. 
August  12,  she  made  her  first  visit  at  7.40,  and  still, 
went  to  the  closed  window.  August  13,  her  first  visit 
was  at  6.15;  she  went  to  the  closed  window  and  remained 
buzzing  about  there  till  7,  when  I  caught  her  and  put  her 
out  at  the  open  one  by  which  she  always  entered. 
August  15  and  16,  she  continued  to  visit  the  honey, 
but  still,  always,  even  after  ten  days'  experience,  con- 
tinued to  go  to  the  closed  window,  which  was  in  the 
direct  line  home ;  though  on  finding  it  closed  she 
returned  and  went  roimd  through  the  open  window  by 
which  she  entered. 
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APPENDIX  B. 

The  following  are  the  details  referred  to  on  p.  122:— 

On  August  4,  1875, 1  separated  one  of  my  colonies 
of  Formica  fusca  into  two  halves,  and  kept  them 
entirely  apart. 

On  March  15  following  I  put  in  a  stranger  and  one 
of  the  old  companions  from  the  other  half  of  the  nest  at 
7  A.M.,  and  watched  them  longer  than  those  previously 
experimented  on.  The  stranger  was  very  soon  attacked ; 
the  friend  seemed  quite  at  home. 

June  4,  1876. — 8  a.m.  Put  into  the  nest  a  stranger 
and  an  old  friend.  The  stranger  was  at  once  attacked, 
and  dragged  about  by  one  of  her  antennae.  9  a.m.  The 
stranger  was  being  attacked;  the  friend,  though  not 
attacked,  kept  rather  away  from  *  the  other  ants. 
10.30  A.M.  The  stranger  was  attacked,  not  the  friend. 
12.30  P.M.  ditto,  1  P.M.  ditto,  1.30  p.m.  ditto,  2  p.m. 
ditto,  2.30  P.M.  ditto,  4  P.M.  ditto,  4.30  P.M.  ditto.  5  P.M. 
The  stranger  was  dragged  out  of  the  nest. 

June  5. — Put  in  a  stranger  and  a  friend  at  9.30.  At 
10  the  stranger  was  being  attacked,  not  the  friend. 
10  A.M.  ditto,  10.30  A.M.  ditto. 

At  1 1  A.M.  I  put  in  another  stranger  and  another  old 
friend,  when  nearly  the  same  thing  was  repeated.  At 
11.30  A.M.  the  stranger  was  being  dragged  about  by  her 
antennae ;  the  friend  was  not  attacked.  1 2  a.m.  The 
stranger  was  by  herself  in  a  comer  of  the  nest.  The 
friend  was  almost  cleaned  from  the  paint  by  which  she 
was  marked.  I  then  put  in  another  friend.  At  2  p.m. 
the  stranger  was  being  dragged  about  by  an  antenna, 
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the  friend  was  being  cleaned.  2.30  p.m.  ditto,  3  ditto. 
At  3.30  P.M.  the  friend  was  almost  clean :  the  stranger 
was  being  dragged  about.     6  P.M.  ditto. 

Jiine  10. — Eepeated  the  same  observation  at  10  A.M., 
but  transposed  the  colours  by  which  they  were  distin- . 
guished,  so  that  there  might  be  no  question  whether 
perhaps  the  difference  of  treatment  was  due  to  the 
difference  of  colouring.  At  1 1  A.M.  the  friend  Vas  all 
right,  the  stranger  was  being  dragged  about  by  an 
antenna.  11.30  a.m.  the  friend  all  right,  the  stranger 
being  dragged  about  by  one  leg.  12  a.m.  ditto. 
12.30  P.M.  the  friend  all  right,  the  stranger  being 
dragged  about  by  an  antenna.  1  p.m.  ditto,  2  p.m.  ditto, 
3  P.M.  ditto. 

July  3. — Put  in  a  friend  and  a  stranger  at  11  a.m. 
At  11.30  A.M.  the  stranger  was  being  dragged  aJ)out, 
the  friend  was  being  cleaned.  12  a.m.  ditto.  12.30  a.m. 
both  were  now  being  attacked.     1  p.m.  ditto. 

This  seems  to  show  that  some  at  least  of  the 
ants  have  forgotten  their  old  friends.  Perhaps,  however, 
these  were  young  ants. 

July  16. — ^Put  in  two  friends  at  7.45  A.M.  At  8  A.M. 
each  was  being  dragged  about  by  an  antenna.  8.30  a.m. 
one  was  being  djragged  about  by  both  antennae,  the 
other  by  both  antennae  and  one  leg.  10  A. m.  both  were 
still  attacked,  but  it  is  curious  that  at  the  same  time 
others  were  cleaning  off  the  paint.  12.30  p.m.  both 
still  attacked. 

July  17. — ^Put  in  a  friend  at  8.15  a.m.  At  8.30  a.m, 
they  were  cleaning  her.  At  9  a.m.  she  was  almost  clean, 
9.30  A.M.  she  seemed  quite  at  home,  and  had  only  one 
spot  of  paint  on  her.     10.20  a»m.  ditto. 

July  20. — Put  in  a  friend  and  stranger  at  9  a.m. 
At  9.30  A.M.  the  friend  seemed  all  right ;  the  stranger 
was  in  a  comer  by  herself.  At  10  a.m.  the  friend  was 
being  cleaned ;  the  stranger  had  come  out  of  her  comer 
and  wlas  being  fiercely  attacked.     At  11  a.m.  the  friend 
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seemed  quite  at  home  and  was  almost  cleaned;  the 
stranger  was  being  dragged  about,  but  wasalmost  cleaned. 
At  12  A.M.  the  same  thing  was  going  on,  and  also  at 
12.30  P.M.  At  1.30  P.M.  the  stranger  was  still  being 
pulled  about ;  but  what  struck  me  as  remarkable,  the 
fiiend  also  had  hold  of  one  of  the  ants  by  an  antenna. 
At  2  P.M.  the  Mend  was  by  herself,  the  stranger  was 
being  attacked.  At  4  p.m.  the  Mend  again  had  hold 
of  an  ant  by  an  antenna ;  the  stranger  was  being 
pulled  about.  At  5  p.m.  the  Mend  seemed  quite  at 
home  in  the  nest,  the  stranger  was  dragged  out  of  the 
nest.  The  following  morning  I  was  still  able  to  dis- 
tinguish the  Mend ;  she  seemed  quite  at  home. 

August  5. — Put  in  a  stranger  and  a  Mend  at  8  a.m. 
At  8.30  A.M,  both  were  attacked.  9  A.M.  ditto,  9.30 
A.M.  ditto,  10  A.M.  ditto,  11  A.M.  ditto,  12.30  a.m.  ditto. 

August  6. — Repeated  the  experiment  at  2  a.m. 
Both  ants  hid  themselves  in  comers.  At  3.30  a.m.  the 
stranger  was  being  attacked ;  the  Mend  was  in  a  comer 
by  herself.  At  4.30  a.m.  both  were  attacked.  5.30 
A.M.  ditto. 

August  7. — Put  in  a  stranger  and  a  Mend  at  8.30 
A.M.  At  8.45  A.M.  both  were  being  attacked.  9.30  a.m. 
ditto,  10  A.M.  ditto. 

August  8. — Put  in  a  Mend  at  7  a.m.  At  8  a.m. 
she  seemed  quite  at  home  with  the  others.  At  9  a.m. 
they  had  almost  cleaned  her.  At  9.30  a.m.  she  seemed 
quite  at  home  with  the  others.     At  10  a.m.  ditto. 

August  12. — ^Put  in  a  Mend  and  a  stranger  at  7 
P.M.  Both  were  immediately  attacked.  7.15  a.m.  they 
were  being  dragged  about.  7.45  a.m.  ditto,  8  ditto, 
8.15  A.M.  ditto. 

August  13. — ^Put  in  a  Mend  at  6.30  a.m.  At  7.50 
A.M.  two  attacked  her.  At  8  a.m.  she  was  being 
attacked  by  one  ant,  but  another  was  cleaning  her. 
8.15  A.M.  ditto.  8.45  a.m.  Two  were  attacking  her, 
one  dragging  at  her  by  an  antenna,     9  a.m.  ditto,  9.30 
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A.M.  ditto,  10  A.M.  ditto,  10.30  a.m.  ditto.     Others  had 
almost  entirely  cleaned  off  the  paint. 

At  5  p.m.  put  a  friend  and  a  stranger  into  the  other 
half  of  the  nest.  At  5.15  a.m.  the  friend  seemed 
quite  at  home,  and  had  been  nearly  cleaned;  the* 
stranger  was  being  attacked.  5.30  A.M.  ditto,  8.15  a.m. 
ditto.  7.15  A.M.  Two  of  the  ants  were  dragging  the 
stranger  out  of  the  nest;  the  friend  had  been  quite 
cleaned. 

August  14. — At  8.15  a.m.  I  put  an  ant  from  each 
half  of  the  nest  into  the  other.  At  8.30  A.M.  one  was 
alone  in  the  comer,  the  other  was  being  attacked.  At 
9  A.M.  both  were  being  attacked.  9.30  a.m.  ditto,  10.30 
A.M.  ditto ;  11.30  a.m.  ditto,  both,  however,  being  almost 
cleaned. 

August  19. — At  8  a.m.  I  put  into  each  nest  one 
from  the  other.  The  one  was  received  amicably  and 
cleaned,  so  that  after  a  while  I  lost  sight  of  her.  It  was 
clear  that  she  was  received  in  a  friendly  manner, 
because  no  fighting  was  going  on.  At  11  a.m.  I  put 
into  the  same  nest  another  friend:  at  11.30  a.m.  she 
was  all  right,  and,  being  cleaned  at  12  A.M.,  I  could  no 
longer  distinguish  her. 

The  ant  put  into  the  other  nest  was  not  so  well 
received.  At  9.30  A.M.,  11.30  A.M.,  and  12.30  a.m.  sl^e 
was  being  dragged  about,  but  she  was  also  being  cleaned, 
and  after  12.30  a.m.  I  lost  sight  of  her.  As  the  paint 
had  been  entirely  removed,  but  no  ant  was  being 
attacked,  I  have  no  doubt  she  was  at  length  recognised 
as  a  friend. 

August  21. — At  10.15  a.m.  I  again  put  into  each 
nest  an  ant  from  the  other.  One  was  at  once  cleaned, 
and  I  could  not  find  her.  I  should,  however,  certainly 
have  seen  her  if  she  had  been  attacked. 

The  other  was  at  first  attacked  by  one  of  the  ants ; 
but  this  soon  ceased,  and  they  began  to  clean  her.  By 
11.30  A.M.  she  was  quite  at  her  ease  among  the  other 
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ants,  and  almost  clean.  After  12  A.M.  I  could  not  see  her 
any  more.  At  1.40  p.m.  I  again  put  into  each  nest  an 
ant  from  the  other,  accompanied,  however,  in  both  cases 
by  a  stranger.  The  contrast  was  most  marked,  and  no 
one  who  saw  it  could  have  doubted  that  the  friends  and 
strangers  were  respectively  recognised  as  such,  or  that 
they  themselves  were  fully  aware  of  their  posi- 
tion. 

In  the  first  nest  the  friend  at  once  joined  the  other 
ants,  who  began  to  clean  her.  The  stranger  ran  about 
in  evident  alarm,  was  pursued  by  the  others,  and  took 
reftige  in  a  comer.  At  2  p.m.  the  friend  was  with  the 
other  ants,  the  stranger  alone  in  a  comer.  At  2.25  p.m. 
the  friend  was  almost  cleaned,  and  after  2.30  p.m.  we 
could  no  longer  distinguish  her :  the  stranger  was  still 
alone.  At  3.40  P.M.  she  came  out  of  her  hiding-place 
and  was  attacked ;  after  a  while  she  escaped  from  the 
nest.  At  5.30  p.m.  she  met  one  of  the  ants,  and  a 
battle  at  once  began.  I  separated  the  combatants  and 
put  the  stranger  back  near  her  own  nest,  which  she  at 
once  entered,  and  where  she  was  soon  cleaned  by  her 
own  friends. 

I  will  now  describe  the  adventures  of  the  other 
couple.  The  friend  inmiediately  joined  the  other  ants ; 
the  stranger  was  hunted  about  and  soon  seized.  At  2 
P.M.  the  fnend  was  all  right,  the  stranger  being  dragged 
about.  At  2.30  P.M.  ditto.  The  stranger  was  soon 
afterwards  dragged  out  of  the  nest.  The  friend,  whom 
I  watched  at  intervals  till  6.30  P.M.,  continued  on  the 
best  terms  with  the  others ;  it  was  quite  clear,  there- 
fore, that  they  did  not  regard  her  as  a  stranger. 
She  herself  was  not  afraid  of,  and  did  not  avoid 
them.  Still  for  some  time  she  apparently  wished  to 
return  to  the  ants  with  whom  she  had  recently  lived. 
She  came  out  of  the  nest,  and  tried  to  find  her  way 
home.  I  put  her  back  again,  however,  and  by  the  even- 
ing she  seemed  to    have   accustomed  herself  to  the 

z 


Digitized  by 


Google 


338  EECOGNITION  OF  FRIENDS 

change.  I  then  opened  the  door  of  the  nest  soon  after 
5  P.M. ;  but  she  showed  no  wish  to  leave  her  newly  re- 
joined Mends. 

September  1. — At  11  a.m.  I  again  put  into  each  half 
of  the  nest  an  ant  from  the  other  and  a  stranger.  In 
the  one  nest  the  friend  joined  the  other  ants,  and  seemed 
quite  at  home;  the  stranger,  on  the  contrary,  en- 
deavoured to  conceal  herself,  and  at  length,  at  4  in  the 
afternoon,  escaped  from  the  nest. 

In  the  other  division  the  friend  also  appeared  quite 
at  home.  The  stranger,  on  the  contrary,  endeavoured 
to  escape,  but  in  the  course  of  the  afternoon  was 
attacked  and  killed. 

October  15. — At  8  a.m.  I  repeated  the  same  experi- 
ment. In  the  first  nest,  up  to  10  A.M.,  neither  ant  was 
attacked ;  and  it  is  curious  that  the  stranger  was  licked, 
and,  indeed,  almost  cleaned.  Soon  afterwards,  however, 
the  ants  began  to  attack  her,  and  at  three  p.m.  she  was 
expelled,  the  friend,  on  the  contrary,  being  quite  at 
home.  Still  the  following  day,  at  noon,  I  found  her  out 
of  the  nest  (all  the  rest  being  within).  This  almost 
looks  as  if,  though  safe,  she  dLd  not  feel  happy ;  and 
I  accordingly  put  her  back  to  her  old  home,  which 
she  at  once  entered. 

In  the  other  division  the  friend  was  soon  nearly 
cleaned,  and  the  stranger  partly  so.  The  friend  seemed 
quite  at  home.  At  12.30  the  stranger  was  being 
dragged  about  by  three  ants ;  but  after  this  I  lost  sight 
of  her. 

November  10. — At  11.30  put  into  one  of  the  divi- 
sions a  friend  and  a  stranger.  At  12  the  friend  was 
all  right,  the  stranger  was  being  dragged  about  by  an 
antenna.  From  this  time  till  7  p.m.  the  stranger  was 
continually  being  dragged  about  or  held  a  prisoner, 
while  the  friend  was  quite  at  home. 

November  11. — At  10.15  I  put  into  the  other 
division  a  friend  and  a  stranger.     At  11  the  friend  was 
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qtiite  at  home,  and  the  colour  with  which  I  had  marked 
her  had  been  ahnost  cleaned  oflP.  The  stranger,  on  the 
contrary,  was  being  dragged  about  by  two  of  the  ants. 
After  this,  however,  I  could  not  find  her.  She  had,  no 
doubt,  escaped  from  the  nest. 

November  12. — The  following  day,  therefore,  at 
11.30, 1  again  put  a  friend  and  a  stranger  into  this 
division  of  the  nest.  The  friend  seemed  quite  at 
home.  One  of  the  ants  at  once  seized  the  stranger  by 
an  antenna  and  began  dragging  her  about.  I  will  give 
this  observation  in  detail  out  of  my  note-book. 

At  11.45.  The  friend  is  quite  at  home  with  the 
rest;  the  stranger  is  being  dragged  about. 

At  12.  The  friend  is  all  right.  Three  ants  now 
have  hold  of  the  stranger  by  her  legs  and  an  antenna. 

At  12.15,  12.30,  12.45,  and  at  1  the  stranger  was 
thus  held  a  prisoner. 

At  1.30  one  now  took  hold  of  the  friend,  but  soon 
seemed  to  find  out  her  mistake,  and  left  go  again. 

At  1.45,  The  friend  is  all  right.  The  stranger  is 
being  attacked.  The  friend  also  has  been  almost 
cleaned,  while  on  the  stranger  the  colour  has  been 
scarcely  touched. 

At  2.15.  Two  ants  are  licking  the  friend,  while 
another  pair  are  holding  the  stranger  by  her  legs. 

At  2.30.  The  friend  is  now  ahnost  clean ;  so  that 
I  could  only  just  perceive  any  colour.  The  stranger, 
on  the  contrary,  is  almost  as  much  coloured  as  ever. 
She  is  now  near  the  door,  and,  I  think,  would  have 
come  out,  but  two  ants  met  and  seized  her. 

At  3.  Two  ants  are  attacking  the  stranger.  The 
friend  was  no  longer  distinguishable  from  the  rest. 

At  3.30,  3.40,  and  5  the  stranger  was  still  held  a 
prisoner. 

At  6.0.  The  stranger  now  escaped  from  the  nest, 
and  I  put  her  back  among  her  own  friends. 

December  11. — At  10  a.m.  I  again  put  in  a  friend 
z  2 
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and  a  stranger.  The  Mend  was  not  attacked,  and  con- 
sorted peaceably  with  the  rest.  I  found  her  again  all 
right  on  the  following  morning.  The  stranger,  on  the 
contrary,  was  soon  attacked  and  expelled.    • 

December  22. — Repeated  the  same  experiment. 
The  stranger  was  attacked  and  driven  out  of  the  nest. 
The  friend  was  received  quite  amicably. 

December  26. — Ditto.  The  friend  was  received  as 
usual.  I  lost  sight  of  the  stranger,  who  probably  escaped. 

December  31. — Ditto.  The  stranger,  after  being 
dragged  about  some  time  in  the  nest,  made  her 
escape.  But  even  outside,  having  met  with  an  ant 
accidentally,  she  was  viciously  attacked. 

January  15,  1877. — Ditto. 

Jcmuary  16. — I  put  in  two  friends;  but  thinking 
the  preceding  experiments  sufficient,  I  did  not  on  this 
occasion  add  a  stranger.  Neither  of  the  friends  was 
attacked. 

January  19. — Put  in  two  friends  at  11  a.m. 
Neither  was  attacked,  and  the  following  morning  they 
were  all  right  amongst  the  rest. 

January  22. — Put  in  three  friends  with  the  same 
result. 

Ja/riuary  24. — Put  in  two  friends  with  the  same 
result. 

January  26. — Put  in  three  friends  with  the  same 
result. 

February  11. — ^I  put  in  two  friends  from  the  other 
division  at  10  a.m.  I  looked  at  10.15,  10.30,  11, 
11.30,  12,  2,  4,  and  6  P.M.  They  were  on  every  occa- 
sion quite  at  home  amongst  the  others. 

February  12. — Put  in  three  from  the  other  division 
at  12.  They  were  quite  at  home.  I  looked  at  them 
at  12.30,  1,  2,  4,  and  6.  Only  for  a  minute  or  two  at 
first  one  appeared  to  be  threatened. 

February  13. — Put  in  one  friend  from  the  other 
division.     The  ant  was  put  in  at  9.15  A.M.,  and  visited 
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at  9.30,  10,  11, 12,  and  1.  She  was  evidently  quite  at 
home. 

February  15. — Ditto.  The  ant  was  put  in  at  10.16 
A.M.,  and  visited  at  10.30,  11,  12,  1,  2,  3,  and  4.  She 
was  not  attacked. 

February  19. — ^Ditto.  The  ant  was  put  in  at  10 
A.M.,  and  visited  at  10.15,  10.30,  11,  12,  1,  and  2. 
She  was  not  attacked. 

March  11. — ^Ditto.  Ditto  at  9.30  A.M.,  visited  at 
10.30,  12.30,  2.30,  and  5.30.     She  was  not  attacked. 

March  12. — Ditto.  Ditto  at  10  A.M.,  visited  at  12, 
2,  and  4.     She  was  not  attacked. 

March  18. — ^Put  in  two  friends  at  1  p.m.,  visited  at 
2  and  4.     She  was  not  attacked. 

April  21. — ^Put  in  one  friend  at  9.30  a.m.  At  10 
she  was  all  right,  also  at  12  and  4  p.m.  She  was  not 
attacked. 

April  22. — ^Put  in  two  friends  at  8.30  a.m.  Visited 
them  at  9  and  10,  when  they  were  almost  cleaned. 
After  that  I  could  not  find  them ;  but  I  looked  at  2,  4, 
and  6,  and  must  have  seen  if  they  were  being  attacked. 

April  23.— Put  in  two  friends  at  12.32.  Visited 
them  at  1,  2, 3, 4,  and  6  P.M.     They  were  not  attacked. 

May  13. — ^Put  in  two  friends  and  a  stranger  at  7.45. 
At  9  the  two  friends  were  with  the  rest.  The  stranger 
was  in  a  comer  by  herself.  11  ditto,  12  ditto.  At  1 
the  friends  were  all  right;  the  stranger  was  being 
attacked.  2,  the  friends  all  right ;  the  stranger  had 
been  dragged  out  of  the  nest.  The  next  morning  I 
looked  again ;  the  two  friends  were  all  right. 

May  14. — Put  in  the  remaining  three  friends  at  10. 
Visited  them  at  11,  12,  1,  2,  4,  and  6.  They  were  not 
attacked,  and  seemed  quite  at  home. 

This  completed  the  experiment,  which  had  lasted 
from  August  4,  1875,  till  May  14,  1877,  when  the  last 
ones  were  restored  to  their  friends.  In  no  case  was  a 
friend  attacked. 
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The  diflPerence  of  behaviour  to  Mends  and  strangers 
was  therefore  most  marked. 

The  friends  were  gradually  licked  clean,  and  except 
for  a  few  moments,  and  that  probably  by  mistake, 
never  attacked.  The  strangers,  on  the  contrary,  were 
not  cleaned,  were  at  once  seized,  were  dragged  about 
for  hours  with  only  a  few  minutes'  interval,  by  one,  two, 
or  three  assailants. 

Though  the  above  experiment  seemed  to  me  con- 
clusive, I  thought  it  would  be  well  to  repeat  it  with 
ahother  nest. 

I  therefore  separated  a  nest  of  F<yrmica  fvsca  into 
two  portions  on  October  20,  1876. 

On  February  25,  1877,  at  8  a.m.  I  put  an  ant  from 
the  smaller  lot  back  among  her  old  companions.  At 
8.30  she  was  quite  comfortably  established  among  them* 
At  9  ditto,  at  12  ditto,  and  at  4  ditto. 

Jvme  8. — I  put  two  specimens  from  the  smaller  lot 
back  as  before  among  their  old  friends.  At  1  they  were 
all  right  and  among  the  others.  At  2  ditto.  After  thi& 
I  could  not  distinguish  them  amongst  the  rest ;  but  they 
were  certainly  not  attacked. 

Jvme  9. — Put  in  two  more  at  the  same  hour.  Up 
to  3  in  the  afternoon  they  were  neither  of  them  attacked^ 
On  the  contrary,  two  strangers  from  different  nests, 
which  I  introduced  at  the  same  time,  were  both  very 
soon  attacked. 

July  14. — I  put  in  two  more  of  the  friends  at  10.1 5. 
In  a  few  minutes  they  joined  the  others,  and  seemed 
quite  at  home.  At  11  they  were  among  the  others. 
At  12  ditto,  and  at  1  ditto. 

July  21. — At  10.15  I  put  in  two  more  of  the 
old  friends.  At  10.30  I  looked ;  neither  was  being 
attacked.  At  11  ditto,  12  ditto,  2  ditto,  4  ditto,  and 
6  ditto. 

October  7. — ^At  9.30  I  put  in  two,  and  watched 
them  carefully  till  1.     They  joined  the  other  ants  and 
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were  not  attacked.  I  also  put  in  a  stranger  from 
another  nest.  Her  behaviour  was  quite  different. 
She  kept  away  from  the  rest,  running  off  at  once  in 
evident  fear,  and  kept  wandering  about,  seeking  to 
escape.  At  10.30  she  got  out ;  I  put  her  back,  but 
she  soon  escaped  again.  I  then  put  in  another 
stranger.  She  was  ahnost  immediately  attacked.  In 
the  meantime  the  old  friends  were  gradually  cleaned. 
At  1.30  they  could  scarcely  be  distinguished ;  they 
seemed  quite  at  home,  while  the  stranger  was  being 
dragged  about.  After  2  I  could  no  longer  distinguish 
them.  They  were,  however,  certainly  not  attacked. 
The  stranger,  on  the  contrary,  was  killed  and  brought 
out  of  the  nest. 

This  case,  therefore,  entirely  confirmed  the  pre- 
ceding, in  which  strangers  were  always  attacked;  friends 
were  in  most  cases  amicably  received,  even  after  more 
*han  a  year  of  separation.  But  while  the  strangers 
were  invariably  attacked  and  expelled,  the  friends  were 
not  always  recognised,  at  least  at  first.  It  seemed  as  if 
some  of  the  ants  had  forgotten  them,  or  perhaps  the 
young  ones  did  not  recognise  them.  Even,  however, 
when  the  friends  were  at  first  attacked,  the  aggressors 
soon  seemed  to  discover  their  mistake,  and  friends  were 
never  ultimately  driven  out  of  the  nest.  This  recogni- 
tion of  old  friends  after  a  separation  of  more  than  a 
year  seems  to  me  very  remarkable. 

The  details  are,  I  fear,  tedious,  but  I  have  thought 
them  WOTth  giving,  because  a  mere  general  statement, 
without  particulars,  would  not  give  so  clear  an  idea  of 
the  result. 
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APPENDIX  C. 

The  following  axe  the  details  of  the  observation  re- 
corded on  p.  161 : — 

At  9.45  I  put  an  ant  (Nl)  to  a  raisin. 
At  9.50  she  went  to  the  nest. 
9.55  I  put  another  (N2)  to  the  raisin. 
10.0  she  went  to  the  nest. 
10.  0  Nl  came  back. 

10.2  she  went  to  the  nest. 
10.  7  Nl  came  back. 

10.9  she  went  to  the  nest. 

10.11  N2  came  back. 

10.13  she  went  to  the  nest. 

10.12  Nl  came  back. 

10.14  she  went  to  the  nest. 

10.13  put  another  (N3)  to  the  raisin. 

10.18  she  went  to  the  nest. 
10.16  Nl  came  back. 

10.17  she  went  to  the  nest. 
10.22  N2  came  back. 

10.24  she  went  to  the  nest. 

(I  here  overpainted  N2,  and  she  returned  no  more.) 

At  10.24  Nl  came  back. 

10.26  she  went  to  the  nest. 
10.30  Nl  came  back. 

10.32  she  went  to  the  nest. 
10.33  N3  came  back. 

10.35  she  went  to  the  nest. 
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At  10.35  Nl  came  back.  (She  met  with  an  fwci- 
dent.  At  first  she  seemed  a  good  deal  hurt,  but 
gradually  recovered.) 

At  10.40  N3  came  back. 

10.46  she  went  to  the  nest. 
10.46  a  stranger  came ;  I  bottled  her. 
10.47 
10.52  Nl  came  back. 

10.54  she  went  to  the  nest. 
10.57  N3  came  back. 

11.2  she  went  to  the  nest. 
11.  8  N3  came  back. 

11.13  she  went  to  the  nest. 
11.10   a   stranger  came;  I  removed  her  to  a 
little  distance. 

At  11.11  a  stranger  came ;  marked  her  N4. 


11.16  N3  . 

came. 

At  11.18  went. 

11.23  N4 

s> 

11.25 

99 

11.24  N3 

t> 

11.26 

t9 

11.27  N4 

>y 

11.29 

» 

11.31  N3 

» 

11.34 

99 

11.32  N4 

» 

11.36 

99 

11.40  N3 

99 

11.42 

99 

11.40  N4 
11.45  N3 

» 

J1 

11.47 

99 
99 

„    a  stranger  came. 
11.48  Nl  came. 

11.49 

99 

11.49  N4 

>» 

11.50 

99 

11.51  Nl 

»J 

11.53 

99 

11.53  N3 

n 

11.56 

99 

11.54  N4 

n 

11.56 

99 

12.  0  N3 

99 

12.  2 

99 

„      N4 

„      Nl 

12.  5  N4 

99 

12.  7 

99 

99 
99 

12.  6  N3 

5> 

12.  8 

99 

12.13  N3 

J> 

12.15 

99 
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At  12.14  N4  came. 

12.15  went. 

12.17  a  stranger  came. 

12.19  N4  came. 

12.20    „ 

12.20  N3     „ 

12.22    „ 

12.21  Nl     „ 

12.25    „ 

12.25  N4     „ 

12.26    „ 

12.27  N3     „ 

12.28    „ 

12.30  N4     „ 

12.32    „ 

„    a  stranger  came. 

„    N3  (was  disturbed) 

12.37    „ 

12.38  N4  came. 

12.40    „ 

12.42  N3     „ 

12.47  N4     „ 

12.49    „ 

Thus  during  these  three  hours  only  six  strangers 
came.  The  raisin  must  have  seemed  ahnost  inexhaust- 
ible, and  the  watched  ants  in  passing  and  repassing 
went  close  to  many  of  their  friends;  they  took  no 
notice  of  them,  however,  and  did  not  bring  any  out  of 
the  nest  to  co-operate  with  them  in  securing  the  food 
though  their  regular  visits  showed  how  much  they 
appreciated  it. 

Again  (on  July  15),  an  ant  belonging  to  onf*  of 
my  nests  of  Formica  fuaca  was  out  hunting.  At  8.8  I 
put  a  spoonful  of  honey  before  her.  She  fed  till  8.24, 
when  she  returned  to  the  nest.  Several  others  were 
running  about.     She  returned  as  follows  : — 

9.10  to  the  honey,  but  was  disturbed,  ran  away,  and 
returned  at  10.40.         At  10.53  went  back  to  the  nest ; 
11.30  „  11.40         „ 

„         12.5butwasdisturbed;  she  ran  away  again,  but 
„  1.30  At     1.44  to  the  nest; 


2.  0 

„     2.15 

3.  7 

„     3.17 

3.34 

„     3.45 

4.15 

„     4.23 

Digitized  by 


Google 


POWEB  OF  COMMUNICATION. 


347 


Betumed  at  4.52 

At  5.  3  went  back  to  the  nest. 

yy                        5.56 

„     6.10 

j» 

„          6.25 

„     6.45 

» 

7.13 

„    7.18 

» 

7.45 

„    8.  0 

j> 

8.22 

„    8.32 

j> 

9.18 

„     9.30 

j> 

« 

„        10.10 

„  10.20 

j> 

» 

During  the  whole  day  she  brought  no  friend,  and 
only  one  other  ant  found  the  honey,  evidently  an  inde- 
pendent discovery. 
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APPENBIX  D. 

The  followmg  axe  the   details   referred  to  on  pa^e 
164:— 

Septefniber  24,  1875. — I  put  out  two  sets  of  laxvse ; 
and  /  to  one  of  them  I  placed  two  specimens  of 
Myrmica  rugmodis,  which  I  will  call  1  and  2.  They 
returned  as  follows,  carrying  off  a  larva  on  each 
journey : — 

No.  1.  No.  2. 

10.23 


10.28 
10.34 
10.40 
10.50 

11.40 
11.45 

12.  0 
12.11 


10.26 

10.32 

10.37 

10.41  bringing  a  Mend. 

10.55 
11.  6 
11.16 


11.44 


11.46  an  ant  came  alone. 


11.56 

12.  6  bringing  a  Mend. 
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No,  1. 
12.16 


12.36 


1.  6 
1.20 


No.  2. 
12.15 


12.22 
12.29 
12.34 

12.40 

12.47 
12.53 

12.59 
1.  5 


1.16 


12.17  an  ant  came  alone. 
12.22 


12.45  an  ant  found  the  second 
set  of  larvae. 

12.58  two  ants   found  the 
second  set  of  larvae. 


1.  7  an  ant  found  the  second 
set  of  larvae. 


1.21 

1.26 

1.35 

1.42 

1.47 

1.54 

• 

1.55  with  2  Mends. 

1.59 

2.  2 

2.  3    an    ant    found    the 

2.  4 

larvae. 

2.  9  with  a  friend. 

2.10 

2.16 

2.18 

2.24 

2.25 

2.25  another  ant  found  the 

2.34 

second  set  of  larvae. 
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No.  1. 

No.  2. 

2.36 

2.41 

2.44 

2.45 

2.50 

2.61 

2.55 

3.  0 

3.  1 

3.  6 

3.10 

3.10 

3.17 

3.18 

3.22 

3.27 

3.28 

3.36 

3.40 

3.47 

3.48 

3.53 

3.55 

3.59 

4.  0 

• 

4.  7 

4.  8 

4.14 

4.16 

4.20 

4.27 

4.31 

4.35 

4.39  \rith  a  Mend. 

4.42 

4.42 

4.47 

4.53 

4.53 
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No.  1. 

No.  2. 

4.58 

5.  3 

5.  6 

5.  9 

5.17 

5.17 

6.25 

5.32 

5.40 

5.46 

5.65 

6.  6 

6.11 
6.20 


6.  8 
6.16 


They  came  no  more  up  to  7.30,  when  we  left  off 
watching.  The  following  morning  at  6.5  I  found  No.  1 
wandering  about,  and  evidently  on  the  look-out.  I 
put  her  to  some  larvae ;  and  shortly  afterwards  No.  2 
also  found  them.     Their  visits  were  as  follows : — 


6.10 

6.21 

6.36 

6.42 

6.44 

6.52 

7.  1 

7.  1 

7.  8 

7.11 

7.12 
7.22 
7.29 

7.30  another  ant  found  the 

7.35 

larvse. 

7.40 
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No.  1. 

No.  2. 

7.49 

7.54 

8.  5 

8.13 

8.25 

8.31 

8.39 

8.44 

8.48 

Thus,  during  this  period  these  two  ants  carried  off 
respectively  62  and  67  larvae ;  10  strangers  found  the 
larvae,  half  of  them  only  coming  to  the  set  visited  by 
the  ants  under  observation.  Itis  seems  to  show  that 
most  of  them,  at  any  rate,  foimd  the  larvae  for  them- 
selves. 

I  will  now  pass  to  Laavus  niger. 

September  27,  1875. — At  3.55  p.m.  I  put  an  ant  of 
this  species  to  some  larvae.     She  returned  as  follows : — 


4.  3 
4.11 
4.21 
4.25 
4.28 
4.31 
4.37 
4.40 
4.44 
4.48 
4.52 
4.56 

5.  0 


5.10 
5.14 
5.18 
5.23 
5.29 
5.40 
5.43 
5.46 
5.50 
5.54 
5.59 


when  she  met  with  an  accident.     During  this  time  no 
other  ant  came  to  the  larvae. 

On  October  1,  1875,  at  6.15  A.M.,  I  put  three  speci- 
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mens  of  Lasma  idger  to  some  larvae.     One  did  not 
return ;  the  other  two  behaved  as  follows : — 

No.  1  letnmed  to  the  larv»  at  No.  2  at        Other  ants  came  at 

6.52 


7.12 

7.22 
7.30 

7.32 
7.42  7.42 


7.14  to  lot  2. 


7.46  to  lot  3. 


7.64 


7.50 

8.  0 
8.  1 
8.  6  with  a  friend.      8.  6 

8.  9 
8.10 
8.17 


8.26 

8.32 
8.36 


8.39 
8.44 


8.26 

8.38 
8.41 


8.19  to  lot  1. 


8.37 


8.45 


Here  I  left  o£F  watching  for  half  an  hour. 

9.22 

9.28 
9.29 

9.35  9.35 

A  A 
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No.  1  returned  to  the  larrs  at  No.  2  at    Other  ants  oante  at 

9.41 


9.45 
9.52 

10.  0 

10.11 

10.13  with  a  friend. 

10.16  10.16 

10.25 
10.30 
10.36 
10.46 
10.50 


9.47 
9.50 

9.54  with  a  friend. 
9.57 


10.  1 
10.  9 


10.66 

11.  0 

11.  3 
11.  7 


11.33 


10.68 
11.  2 


11.  8 
11.15 


11.16 

11.19  11.19 

11.23 

11.27 


9.58  to  lot  I. 


11.25 

11.29  with  a  friend. 
11.30 

11.35 
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No.  I  zetorned  to  the  larm  at 

No.  2  at 

Other  ants  came  at 

11.37 

11.41 

11.42 

11.45 

11.48 

11.47  to  lot  1 

11.49 

11.53 

11.59 

12.  1 

12.  4 

12.  8 

12.  9 

• 

.    12.11 

. 

12.14       „ 

12.15 

12.15 

12.18 

12.20 

12.19       „ 

12.21 

12.25 

12.29  with  a  firiend. 

12.30 

12.35 

12.36 

12.39 

12.42 

12.43 

12.45 

12.47 

12.48 

12.51 

12.53 

12.54 

12.56       „ 

12.57 

12.57 

1.  0  with  Mend. 

1.  0 

A  A  2 
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No.  1  returned  to  the  larvae  at  No,  2  at    Other  ants  came  at 

1.  2 


1.  5 

1.  7 

1.10 
1.13 


1.30 
1.33 


1.57 

2.  1 
2.  4 

2.17 
2.21 

2.25 
2.29 


1.  9 


1.14 


1.28 
1.35 


1.36 

1.39 

1.42  1.42 

1.45 

1.48  1.48 

1.51 

1.53 

1.59 
2.15 
2.22 
2.31 


1.11  to  lot  1. 


1.15 

1.18  1.18, 

1.21- 

1.24 

1.27  1.27 


1.46 
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No.  1  returned  to  the  larvsB  at  No.  2  at     Other  ants  came  at 

2.33 


2.37 

2.40 

2.44 
2.47 

2.50 
2.54 
2.57 
3.  0 


3.39 
3.41 
3.43 

3.46 

3.49 
3.54 
4.  0 


2.39 
2.43 

2.49 

3.  4  with  a  Mend. 


3.  6 

3.  9  with  a  Mend. 

3.12 

3.14 

3.16  3.16 

3.20 

3.21 
3.23 

3.26  3.26 

3.30  3.30 

3.33  3.33 

3,35  3.35 

3.37 

3.38 

3.45 

3.48 
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No.  I  retnrned  to  the  larvae  at         No.  2  at      Other  ants  came  at 
4.  3 


4.  4 


4.  7 
4.12 
4.15 
4.20 
4.26 
4.29 
4.31 

4.34 
4.36 
4.39 

4.42 


4.32 


4.40 
4.44 


4.43 


4.45 

4.49 

4.49 

4.55 

4.56 

4.58 

4.59 

5.  2 

5.  2 

5.  6  with  two  friends. 

5.  7 

after  which  she  came  no  more. 

The  first  ant  returned  at 

5.10 

5.13 

5.15 

5.18 

5.21 

5.25 

5.28 

6.31 

5.33  to  lot  2. 
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The  first  ant  returned  at 

5.35 

7.28 

5.38 

7.31 

5.41 

7.34 

6.45 

7.38 

6.51 

7.41 

5.54 

7.44 

6.  0 

7.47 

6.  4 

7.51 

6.  7 

7.66 

6.14 

7.59 

6.17 

8.  2 

6.20 

8.  5 

6.28 

8.12 

6.31 

8.16 

6.48 

8.18 

6.54 

8.20 

7.  0 

8.24 

7.  3 

8.28 

7.  6 

8.32 

7.11 

8.36 

7.14 

8.38 

7.18 

8.42 

7.21 

8.44  another 

7.24 

8*45  [ant  came. 

7.25 

9.44 

We  continued  to  watch  till  10.15,  but  she  came  no 
more.     She  had,  however,  in  the  day  carried  off  to  the , 
nest  no  less  than   187  larvse.     She  brought  5  friends 
with  her ;  less  than  20  other  ants  came  to  the  larvse. 

October  3. — I  put  a  Lasius  niger  to  some  larvse. 
She  returned  as  follows,  viz : — 


1.42 
1.48 
1.52 
2.  0 


2.  4 

2.  8 

2.12  with  a  stranger 

2.15 
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2.19 

4.  7 

2.24 

4.10 

2.27 

4.12 

2.32 

4.15 

2.36 

4.18 

2.40 

4.22 

2.44 

4.25             -^    ,- 

2.49 

4.29 

2.57 

4.32 

3.  1 

4.35 

3.  4 

4.38 

3.  7 

4.43 

3.10 

4.46                 ) 

3.13 

4.49 

3.15 

4.54 

3.18 

4.57 

3.20 

5.  0 

3.23 

5.  3 

3.31 

5.  6 

3.35 

5.10 

3.38 

5.14 

3.41 

5.18 

3.49  with  a  fidend. 

5.22 

3.51 

5.26 

3.64 

6.29 

3.57 

She  dropped  on  the  flow 

4.  1 

of  my  room. 

4.  4 

I  picked  her  up ;  and  she  returned  at 

6.40  7.  7  with  3  Mends. 

6.50  '  7.11.     She  now  fell  into 

6.54  some  water. 

7.  4 

In  addition  to  the  above  experiments  with  larvae,  I 
tried  the  following  with  syrup. 
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April  19. — I  put  out  a  little  syrup  on  eleven  slips  of 
glass^which  I  plax^ed  on  eleven  inverted  flower-pots  on  the 
lawn.  At  8.35  a  Laaivs  rdger  found  the  honey  on  one 
of  the  flower-pots. 


8.50 

she  returned  to  the 
honey,  and  at 

•  9.  5  went  back  to  the  nest. 

9.21 

» 

W 

9.30 

» 

>> 

9.42 

>> 

J> 

9.50 

» 

>> 

10.12 

99 

» 

10.21 

» 

» 

10.35 

99 

10.46 

» 

» 

11.  9 

>> 

11.20 

» 

» 

11.45 

J) 

11.50 

>5 

» 

11.57 

» 

12.  2 

» 

» 

12.20 

J> 

12.30 

» 

» 

12.45 

>J 

12.53 

» 

» 

1.  8 

» 

1.18 

» 

» 

1.34 

» 

1.43 

» 

>J 

1.57 

)5 

2.  7 

» 

55 

2.28 

» 

2.33 

» 

?> 

2.49 

» 

2.53 

>J 

>? 

2.59 

5> 

3.  2 

>J 

55 

3.  9 

» 

3.11 

5> 

55 

3.29 

» 

» 

3.30 

» 

55 

3.59 

» 

» 

4.  8 

» 

55 

After  which  I  watched  till  6  p.m.  ;  but  she  did  not 
return  again  to  the  honey.  During  the  above  time 
eight  ants  came  to  the  same  honey,  and  twenty-one  to 
the  other  ten  deposits. 

On  July  111  put  one  of  my  specimens  of  Lasiua 
niger  to  some  honey  at  7.10.  She  fed  tni  7.25,  when 
she  returned  to  the  nest. 

At  7.32  she  returned.  At  7.36  another  ant  came, 

7.47           „  7.50  [whom  I  imprisoned. 

8.  0           „  8.11            „             „ 
8.18 
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At  8.36  she  returned. 

8.59 

99 

9-17 

99 

9.38 

99 

9.53 

99 

10.10 

99 

10.27 

99 

10.44 

99 

11.  6 

99 

11.16 

99 

11.38 

99 

12.  0 

99 

12.36 

99 

12.56 

99 

1.21 

99 

1.44 

99 

2.10 

'     99 

2.21 

99 

2.29 

99 

2.50 

99 

3.  5 

99 

At  12.45  another  ant  came, 
[whom  I  imprisoned. 


2.51 


After  this  she  did  not  come  back  any  more  up 
to  8  P.M. 

April  25  was  a  beautiful  day.  At  9  A.M.  I  put  some 
syrup  in  the  same  way  on  five  inverted  flower-pots, 
and  at 

9.10  put  an  ant  to  one  of  the  deposits  of  syrup.     At 
9.34  another  ant  came  to  the  same  syrup.     This  one 

Iwillcall]Sro2.     At 
9.40  No.  1  returned. 

10.45  No.  2         „         At   11  one  came  to  the  same 

honey;  this  one  I  will  call 
No.  3. 
11.  7  No.  1         „         but  did  notcome  back  anymore. 
12.31  No.  2         „         and  at  12.47  went. 
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1.15  No.  3 

returned, 

and  at 

1.25  went. 

1.22  No.  2 

J5 

55 

1.48     „ 

1.54  No.  3 

99 

55 

2.  3     „ 

2.18  No.  2 

5? 

59 

2.30    „ 

2.35  No.  3 

5? 

55 

2.36     „ 

2.56  No.  2 

55 

95 

3.  1     „ 

3.24  No.  2  returned. 

4;i9  No.  2 

55 

After  which  I  went  on  watching  till  7,  but  none  of 
these  three  returned.  During  the  day  7  ants  came  to 
this  honey,  and  27  to  the  other  four  deposits.  Here, 
therefore,  it  is  evident  that  the  three  watched  ants  did 
not  communicate,  at  any  rate,  any  exact  information  to 
their  friends. 

Jmfie  21 J  1875. — I  placed  four  inverted  glasses 
(tumblers)  on  the  grass,  and  on  the  top  of  each  placed 
a  little  honey.  I  then,  at  8  o'clock,  put  two  ants,  be- 
longing to  F.  nigraj  to  the  honey  on  one  of  the  glasses. 

At  8.25  No.  1  came  back,  and  at  8.45  she  returned 
to  the  nest,  but  did  not  come  to  the  honey  any  more. 

At  9.5  No.  2  came  out  and  wandered  about ;  I  put 
her  to  the  honey  again ;  she  fed  and  at  9.22  returned 
to  the  nest. 

At  9  28  1®'^®  returned  to  the)  q  .^  (went  back  to  the 


v,^o   ■{ 

honey,  and  at 

rij,^u 

10.42 

55               95 

10.50 

10.58 

99                55 

11.10 

11.21 

55               55 

11.39 

12.45 

95                59 

12.59 

1.40 

99                99 

I  continued  to  watch  till  7  P.M.,  but  neither  of  them 
returned  any  more. 

August  7,  1875. — I  put  out  four  small  deposits  of 
honey  (which  I  continually  renewed)  on  slips  of  glass 
placed  on  square  pieces  of  wood,  and  put  an  ant  (i. 
niger)  to  one  of  them  at  9.20.  She  fed  and  went  away. 
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At  9.35  she  returned,  and  fed  till  9.43 
10.14  „  „  10.17 

10.25  „  „  10.27 

10.37  „  „  10.40 

This  time  a  Mend  came  with  her. 
At  10.47  she  returned,  and  fed  till  10.53 

11.14 
„  11.40 

„  11.55 

„  12.16 

1.  5 
1.18 

„  1.29 

1.48 

2.  1 
2.14 

„  2.21     She   was  dis- 

[turbed. 
„  2.30 

„  2.40 

„  3.  8 

„  3.20 

3.41 

4.  2 
„  4.20 

»  4.36 

At  this   time  there  was   a   shower  of  rain,  so  I 
removed  the  honey  for  half  an  hour. 

At  5.  2  she  returned,  and  fed  till  5.10 

5.20  „  „  5.25 

5.42  „  „  5.45 

5.50  „  „  5.52 

5.58  „  „  6.  6 

6.15  „  „  6.18 

6.21  „  „  6.23 


11.  0 

>» 

11.35 

j> 

11.62 

»» 

12.13 

n 

1.  0 

» 

1.15 

n 

1.26 

>» 

1.45 

n 

1.58 

» 

2.  9 

» 

2.20 

» 

2.25 

•yy 

2.37 

» 

3.  2 

» 

3.16 

s» 

3.39 

yy 

3.58 

» 

4.13 

55 

4.29 

«9 
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At  6.25  she  returned,  and  fed  till  6.27 


6.32 

99 

» 

6.35 

6.40 

» 

99 

6.44 

6.49 

5J 

99 

6.53 

7.15 

)J 

5> 

7.20 

7.25 

?> 

99 

7.27 

7.30 

99 

99 

7.33 

7.36 

5> 

99 

7.37 

During  the  whole  of  this  time  only  three  other  ants 
came  to  the  honey. 

On  January  3,  1875,  I  placed  some  larvae  in  three 
small  porcelain  saucers  in  a  box  7  inches  square  attached 
to  one  of  my  frame-nests  of  Lasius  fiavus  (PI.  I. 
Fig.  2).  The  saucers  were  in  a  row  6  inches  from  the  en- 
trance to  the  frame,  and  1 J  inch  apart  from  one  another. 

At  1.10  an  ant  came  to  the  larvae  in  the  cup  which 

I  will  call  No.  1,  took  a  larva,  and  returned 

to  the  nest. 
1.24  she  returned  and  took  another. 
1.45  „  „ 

2.10  she  went  to  the  further  saucer.  No.  3.     I 

took  her  up  and  put  her  to  No.  1.     She 

took  a  larva  and  returned. 
2.24  she  returned  to  cup  No.  3.     As  there  were 

only  two  larvse  in  this  cup,  I  left  her  alone. 

She  took  one  and  returned. 
2.31  she  returned  to  cup  No.  3  and  took  the 

last  larva. 
2.40  she  came  back  to  cup  No.  3  and  searched 

diligently,  went  away  and  wandered  about 

for  two  minutes,  then  returned  for  another 

look,  and  at  length  at  2.50  went  to  cup 

No.  1  and  took  a  larva. 
3.  0  came  to  cup  1  and  took  a  larva. 
3.  7  ««  9, 
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3.15  came  to  cup  1  and  took  a  larva,  first, 
however,  going  and  examining  cup  3  again. 

3.18  came  to  cup  3,  then  went  to  cup  2  and 
took  a  larva. 

3.30  came  to  cup  3,  then  went  to  cup  2  and 
took  a  larva. 

3.43  came  to  cup  3,  then  went  to  cup  2  and 
took  a  larva. 

5.53  came  to  cup  3,  but  did  not  climb  up  it, 
then  went  to  cup  2  and  took  a  larva,  which 
she  either  dropped  or  handed  over  to 
another  ant ;  for  without  returning  to  the 
nest,  at  3.55  she  returned  to  the  empty 
cup,  and  then  to  cup  2,  where  she  took 
the  last  larva,  so  that  two  cups  are  now 
empty. 

4.  3  she  came  to  cup  3,  then  to  cup  2,  and 

lastly  to  cup  1,  when  she  took  a  laivd, 
4.15  came  to  cup  1  and  took  a  larva. 
4.22  „  „ 

4.38 

5.  0  came  to  cup  3,  then  to  cup  2,  and  lastly  to 

cup  1,  when  she  took  a  larva. 

5.19  came  to  cup  1  and  took  a  larva. 

5.50  „         2,  and  then  to  cup  1  and  took 

a  larva. 

6.20  „         1  and  took  the  last  larva. 

I  now  put  about  80  larvae  into  cup  3. 

It  is  remarkable  that  during  all  this  time  she  never 
came  straight  to  the  cups,  but  took  a  roundabout  and 
apparently  irresolute  course. 

At  7.4  she  came  to  cup  1  and  then  to  cup  3,  and 
then  home.  There  were  at  least  a  dozen  ants  exploring 
in  the  box ;  but  she  did  not  send  any  of  them  to  the 
larvae. 

At  7.30  she  returned  to  cup  3  and  took  a  larva. 
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I  now  left  oflf  watching  for  an  hour.     On  my  return 
at  8.30  she  was  just  carrying  oflf  a  larva. 

8.40  she  came  back  to  cup  3  and  took  a  larva. 
8.55  she  came  to  cup  l,then  to  cup  3  and  took  a  larva. 

9.30  „  3  „  „ 

y.DJ  99  99  99  99 

10.14  9,  1 

10.26  she  went  and  examined  cup  2,  then  to  cup  3 
and  took  a  larva. 

At  10.45  she  came  to  cup  3,  and  I  went  to  bed. 
At  7  o'clock  the  next  morning  the  larvae  were  all 
removed.  In  watching  this  ant  I  was  much  struck  by 
the  difliculty  she  seemed  to  experience  in  finding  her 
way.  She  wandered  about  at  times  most  irresolutely, 
and,  instead  of  coming  straight  across  from  the  door  of 
the  frame  to  the  cups,  kept  along  the  side  of  the  box ; 
so  that  in  coining  to  cup  3  she  went  twice  as  far  as  she 
need  have  done.  Again9  it  is  remarkable  that  she 
should  have  kept  on  visiting  the  empty  cups  time  after 
time.  I  watched  for  this  ant  carefully  on  the  following 
day ;  but  she  did  not  come  oiit  at  all. 

During  the  time  she  was  under  observation9  from  1 
till  10.45,  though  there  were  always  ants  roaming  about9 
few  climbed  up  the  walls  of  the  cup.  Five  found  their 
way  into  the  (empty)  cup  1,  and  one  only  totjup  3.  It 
is  clear,  therefore,  that  the  ant  under  observation  did 
not  communicate  her  discovery  of  larvse  to  her  friends. 

The  following  day  I  watched  again,  having9  at  7 
A.M.,  put  larvse  into  one  of  the  porcelain  cups  arranged 
as  before.     No  ants  found  them  for  several  hours. 

At  11.37  one  came  and  took  a  larva. 
„  11.50  she  returned  and  took  a  larva. 

99     11.09  99  99 

>J     12*     9  99  5? 

„  12.16 
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At  12.21  she  returned  and  took  a  larva* 
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At  4.28  she  returned  and  took  a  larva. 

»  9J 
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55  55 

55  55 
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55  55 
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5.23 
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5» 

6.51 
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)> 
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JJ 

7.12 

J? 

7.16 

)? 

7.21 
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7.26 

55 

7.39 

55 

7.44 

55 

7.53 

55 

7.57 

55 

8.  3 

55 

8.  8 

55 

8.13 

55 

8.20 
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8.26 

55 

8.31 

55 
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At  8.45  she  returned  and  took  a  larva. 

„    8.50 

>5 

55 

„    8.55 

99 

» 

„     9.  2 

99 

JJ 

„     9.11 

» 

J> 

„    9.19 

>' 

» 

„    9.25 

» 

JJ 

„    9.33 

» 

>J 

„     9.40 

JJ 

» 

„    9.46 

JJ 

» 

„    9.52 

J> 

J5 

„  10.32 

>J 

?5 

„  10.39 

JJ 

JJ 

„  10.49 

J> 

JJ 

„  10.54 

» 

>5 

„  11.  1 

J> 

J5 

At  this  time  I  went  to  bed.  There  were  still  about 
twenty-five  larvae  in  the  cup,  which  had  all  been 
removed  when  I  looked  at  6.15  the  next  morning 
During  the  whole  time* she  was  under  observation,  only 
two  other  ants  found  their  way  to  the  cup,  though 
there  were  some  wandering  about  in  the  box  all  day. 
Towards  evening,  however,  they  went  into  the  nest,  and 
for  some  hours  my  ant  was  the  only  one  out.  It  will 
be  observed  that  she  returned  at  shorter  intervals  than 
the  previous  ones.  This  was  partly  because  she  had  a 
shorter  distance  to  go,  and  partly  because  she  was  not 
bewildered  by  three  cups,  like  the  preceding.  I  had 
placed  a  bit  of  wood  to  fecilitate  her  ascent  into  the 
cup.  This  she  made  use  of,  but  instead  of  going  the 
shortest  way  to  the  cup,  she  followed  the  side  of  the 
box,  partly,  perhaps,  because  the  floor  was  covered  with 
a  plate  of  porcelain.  This,  however,  would  not  account 
for  the  fact  that  at  first  she  invariably  went  beyond  the 
cup,  and  even  past  the  second  cup ;  gradually,  however, 
this  circuit  became  smaller  and  smaller;  but  to  the 
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last  she  went  round  the  outside  of  cup  1,  instead  of 
going  straight  to  the  spot  where  I  had  placed  the  bit 
of  wood. 

On  January  9  again  I  watched  her  under  simi- 
lar circumstances.  From  9.35  to  1.40  she  made  55 
journeys  to  and  fro,  carrying  oflf  a  larva  each  time ;  but 
during  this  period  only  one  other  ant  found  the  larvae. 

In  the  afternoon  of  the  same  day  I  watched  the 
ant  which  had  been  under  observation  on  the  3rd  Jan. 
From  3.27  to  9.30  she  made  forty-two  visits,  during 
which  time  only  four  other  ants  came  to  the  larvae. 

On  January  10  I  watched  the  same  ant  as  on  the 
4th.  Between  11  a.m.  and  10  p.m.  she  made  no  less 
than  ninety-two  visits ;  and  during  the  whole  time  only 
one  strange  ant  came  to  the  larvae. 

On  January  18  I  put  out  some  more  larvae  in  the 
small  porcelain  cups.  Between  8  and  9  both  these  ants 
found  them,  and  kept  on  coming  all  day  up  to  7  P.M., 
when  I  left  off  observing.  There  were  a  good  many 
ants  wandering  about  in  the  box ;  but  up  to  4  o'clock 
only  four  came  to  the  larvae.  Two  of  them  I  impri- 
soned as  usual ;  but  two  (which  came  at  4.30  and  4.36) 
I  marked.  These  went  on  working  quietly  with  the 
first  two  till  I  left  off  observing  at  7  p.m.  ;  and  during 
this  latter  time  only  three  other  ants  found  the  larvae. 

On  January  31  I  watched  another  specimen.  At 
9.14  I  put  her  into  a  small  cup  containing  a  number  of 
larvae.  She  worked  continuously  till  half-past  seven  in 
the  evening,  when  I  left  off  watching.  During  that 
time  she  had  made  more  than  ninety  journeys,  carrying 
each  time  a  larva  to  the  nest.  During  the  whole  time 
not  a  single  other  ant  came  to  the  l^irvae. 

Again,  on  February  7,  I  watched  two  ants  in  the 
same  manner.  At  7  a.m.  I  put  some  larvae  in  the  small 
china  cups.  Up  to  8  no  ants  had  come  to  them.  Soon 
after  8  I  put  two  marked  ants,  neither  of  them  being 
the  same  as  these  whose  movements  are  above  recorded. 
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They  were  then  watched  until  a  quarter  to  eight  in  the 
evening,  during  which  time  one  of  them  had  made 
twenty-six  journeys,  carrying  oflf  a  larva  each  time  ;  the 
other  forty-two.  During  this  period  of  iabout  eleven 
hours,  two  other  ants  had  come  to  the  cup  at  which 
these  were  working,  and  the  same  number  to  one  of  the 
other  cups. 

None  of  these  ants,  therefore,  though  they  had  found 
a  large  niunber  of  larvae,  more  than  they  could  carry  in  a 
whole  day,  suiomoned  any  other  to  their  assistance. 

Again,  February  7,  1875, 1  put  some  larvae  in  three 
porcelain  cups  in  the  feeding-box  of  a  frame  containing 
a  nest  of  Loams  fiavus,  about  six  inches  from  the 
entrance  of  the  frame,  and  put,  at  8  and  8.29  a.m. 
respectively,  two  ants  to  the  kurvae  in  the  left-hand 
cup.  They  each  carried  oflf  a  larva  and  returned  as 
follows : — 


No.  1. 

No.  3. 

At  8.35 

—  returned  i 

ELgain 

and  took  another. 

9.  0 

— 
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99 
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99 
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99 

At  10.43  another  ant  came  to 

the 

larvae  in   the 

ht-hand  cap.    I  imprisoned  her. 

At 

11.  0  returned  again  and  took  anothw. 
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At.  11.37  —    returned  again  and  took  another. 

11.40 
11.62 

At  12.2  another  ant  came  to  the  larvae  in  the  left- 
hand  cup.     I  imprisoned  her. 

At  12.  3         —    returned  again  and  took  another. 
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At  3.10  another  ant  came 

to  the  left-ha,nd  cup.    I 
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At  3.31 

—  returned 

again 

and  took  another. 

3.34 
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55 

3.36 

— 

99 

99 

At  4.10  another  ant  came  to  the  middle  cup. 

)risoned  her. 

At  4.45 

—  returned 

again 

and  took  another. 
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After  this  they  were  not  watched  any  more.  It  will 
be  observed  that  the  second  ant  made  many  more  visits 
than  the  first — namely,  forty-two  in  about  eleven  hours, 
as  against  twenty-six  in  eleven  hours  and  a  half. 
During  this  time  two  ants  came  to  the  larvae  in  the 
cup  they  were  visiting,  and  three  to  the  other  two  cups. 

The  following  case  is  stiU  more  striking.  On  July 
11, 1875,  at  11  A.M.,  I  -put  B.  Laduaflavus  to  some  pupae 
of  the  same  species,  but  from  a  different  nest.  She  made 
eighty-six  journeys,  each  time  carrying  off  a  pupa  with 
the  following  intervals.     Commencing — 


At  11.  0 

At 

11.29  again 

11.  5  she  returned. 

11.49     „ 

11.  9  returned  again. 

11.65     „ 

11.16  again. 
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12.  5     „ 

11.24     „ 

12.16    „ 

11.26     „ 

12.30     „ 
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After  which  she  did  not  come  again  till  8,  when  we 
left  oflf  watching.  During  the  whole  of  this  time  she 
did  not  bring  a  single  ant  to  help  her.  Surely  it  would 
have  been  in  many  respects  desirable  to  do  so.  It  will 
be  seen  that  some  of  the  pupae  remained  lying  about 
and  exposed  to  many  dangers  from  11  a.m.  till  7  p.m.  ; 
and  when  she  left  off  working  at  that  time,  there  were 
still  a  number  of  the  pupse  unsecured ;  and  yet,  though 
she  had  taken  so  much  pains  herself,  she  did  not  bring 
or  send  others  to  assist  her  in  her  efforts  or  to  complete 
her  work. 

I  have  given  the  above  cases  at  length,  though  I 
fear  they  may  appear  tedious  and  prolix,  because  they 
surprised  me  much. 

No  doubt  it  more  frequently  happens  that  if  an  ant 
or  a  bee  discovers  a  store  of  food,  others  soon  find  their 
way  to  it,  and  I  have  been  anxious  to  ascertain  in  what 
manner  this  is  effected.  Some  have  regarded  the  fact 
as  a  proof  of  the  power  of  communication ;  others,  on 
the  contrary,  have  denied  that  it  indicated  any  such 
power.  Ants,  they  said,  being  social  animals,  naturally 
accompany  one  another ;  moreover,  seeing  a  companion 
coming  home  time  after  time  with  a  larva,  they  would 
naturally  conclude  that  they  also  would  find  larvae  in 
the  same  spot.  It  seemed  to  me  that  it  would  be  very 
interesting  to  determine  whether  the  ants  in  question 
were  brought  to  the  larvae,  or  whether  they  came 
casually.  I  thought  therefore  that  the  following  experi- 
ment might  throw  some  light  on  the  question,  viz. :  to 
place  several  small  quantities  of  honey  in  similar 
situations,  then  to  bring  an  ant  to  one  of  them,  and 
subsequently  to  register  the  number  of  ants  visiting 
each  of  the  parcels  of  honey,  of  course  imprisoning  for 
the  time  every  ant  which  found  her  way  to  the  honey 
except  the  first.  If,  then,  many  more  came  to  the 
honey  which  had  been  shown  to  the  first  ant  than  to 
the   other  parcels,  this  would  be  in   favour  of  their 
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possessing  the  power  of  communicating  facts  to  one 
another,  though  it  might  be  said  they  came  by  scent. 
Accordingly,  on  July  13,  1874,  at  3  P.M.,  I  took  a  piece 
of  cork  about  8  inches  long  and  4  inches  wide,  and  stuck 
into  it  seventeen  pins,  on  three  of  which  I  put  pieces 
of  card  with  a  little  honey.  Up  to  6.15  no  ant  had 
been  up  any  of  these  pins.  I  then  put  an  ant  {Laama 
niger)  to  the  honey  on  one  of  the  bits  of  card.  She 
seemed  to  enjoy  it,  and  fed  for  about  five  minutes,  after 
which  she  went  away.  At  6.30  she  returned,  but  went 
up  six  pins  which  had  no  honey  on  them.  I  then  put 
her  on  to  the  card.  In  the  mean  time  twelve  other 
ants  went  up  wrong  pins  and  two  up  to  the  honey ; 
these  I  imprisoned  for  the  afternoon.  At  6.46  my  first 
ant  went  away.  From  that  time  to  6  o'clock  seven 
ants  came,  but  the  first  did  not  return.  One  of  the  seven 
went  up  a^ong  pin,  but  seemed  surprised,  came  down, 
and  immediately  went  up  to  the  right  one.  The  other 
six  went  straight  up  the  right  pin  to  the  honey.  Up 
to  7  o'clock  twelve  more  ants  went  up  pins — eight 
right,  and  four  wrong.  At  7  two  more  went  wrong. 
Then  my  first  ant  returned,  bringing  three  friends  with 
her ;  and  they  all  went  straight  to  the  honey.  At  7.1 1 
she  went  home :  on  her  way  to  the  nest  she  met  and 
accosted  two  ants,  both  of  which  then  came  straight  to 
the  right  pin  and  up  it  to  the  honey.  Up  to  7.20 
seven  more  ants  came  and  cliinbed  up  pins — six  right, 
and  one  wrong.  At  7.22  my  first  ant  came  back  with 
five  friends ;  at  7.30  she  went  away  again,  returning  at 
7.45  with  no  less  than  twenty  companions.  During 
this  experiment  I  imprisoned  every  ant  that  found  her 
way  up  to  the  honey.  Thus,  while  there  were  seven- 
teen pins,  and  consequently  sixteen  chances  to  one,  yet 
between  5.45  and  7.46  twenty-seven  ants  came,  not 
counting  those  which  were  brought  by  the  original  ant ; 
and  out  of  these  twenty-seven,  nineteen  went  straight 
up  the  right  pin.     Again,  on  the  15th  July,  at  2.30, 1 
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put  out  the  same  piece  of  cork  with  ten  pins,  each  with 
a  piece  of  card  and  one  with  honey.  At  4.40  I  put  an 
ant  to  the  honey ;  she  fed  comfortably,  and  went  away 
at  4.44. 

At  4.45  she  returned,  and  at  5.  5  went  away  again. 
„  5.40  „  „         5.55  „ 

„  6.13  „  and  again  at  6.25  and  6.59. 


There  were  a  good  many  other  ants  about,  which,  up  to 
this  time,  went  up  the  pins  indiscriminately. 

At  7.15  an  ant  came  and  went  up  the  right  pin,  and 
another  at  7.18.  At  7.26  the  first  ant  came  back  with 
a  friend,  and  both  went  up  the  right  pin.  At  7.28 
another  came  straight  to  the  honey. 

At  7.30  one  went  up  a  wrong  pin. 
„  7.31  one  came  to  the  right  pin 
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At  7.58  one  ant  came  to  the  right  pin. 
„    7.59     „  „  wrong  „ 

Thus  after  7  o'clock  twenty-nine  ants  came ;  and 
though  there  were  ten  pins,  seventeen  of  them  went 
straight  to  the  right  pin. 

On  the  1 6th  July  I  did  the  same  again.  At  6.25  I 
put  an  ant  to  the  honey ;  at  6.47  she  went. 

At  6.49  an  ant  came  to  the  right  pin. 
,,  6.50  another  ,,  ,, 

J>    0.00  99  >9  ») 

„  6.56      yy  ,,      wrong  pin,  and  then  to 

the  right  one. 
„  6.58      „  „       right  pin. 

w  7.  0      „  „  „ 

7.  5  the  first  ant  came  back,  and  remained  at  the 

honey  till  7.11. 
7.  5  another  came  to  the  right  pin ;  but  she  was 

with  the  first. 
7.  6  another  ant  came  to  the  right  pin. 
7.  6 
7.12 
7.13 


99 


99 

» 

9J 

n 

99 

99 

» 

M 

99 

These  two  ants  were  met  by  the  first  one,  which 
crossed  antennsB  with  them,  when  they  came  straight 
to  the  honey. 

At  7.14  another  ant  came  straight  to  the  honey. 
„  7.21  the  first  ant  returned;  at  7.26  she  left. 
„  7.24  another  ant  came,  but  went  first  to  a  wrong 
pin,  and  then  on  to  the  right  one. 
„   an  ant  came  to  wrong  pin. 


99 

>j 

>> 

99 

7.34 

5> 

» 

J> 

7.35 

J9 

99 

9> 

99 

„  7.38  the  first  came  b^k,  at  7.45  went  away  again. 
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At  7.42  an  ant  went  to  a  wrong  pin. 

„        7,47  „  jj  ,y 

99       ••4o  SJ  99  » 

w     7,4y  ,,  ,9  ,9 

„   7.52        „  „     the  right  pin. 

„   7.55  the  first  ant  returned,  and  at  7.56  went 

away  again. 
„   7.57  an  ant  went  to  wrong  pin. 
„   7.58  „  right     „ 

„   8.  0  „  wrong  „ 

»  »  right     „ 

99   8.  1  „  wrong  „ 

After  this,  for  an  hour  no  more  ants  came.  On  this 
occasion,  therefore,  while  there  were  ten  pins,  out  of 
thirty  ants,  sixteen  came  to  the  right  one,  while  four- 
teen went  to  one  or  other  of  the  nine  wrong  ones. 

July  18. — I  put  out  the  boards  as  before  at  4  o'clock. 
Up  to  4.25  no  ant  came.  I  then  put  one  (No.  1)  to  the 
honey;  she  fed  for  a  few  minutes,  and  went  away 
at  4,31. 

At  4.35  she  came  back  with  four  friends,  and  went 
nearly  straight  to  the  honey.  At  4.42  she  went  away, 
but  came  back  almost  directly,  fed,  and  went  away  again. 

At  4.57  she  returned,  and  at  5.8  went  away  again. 
„   4.45  an  ant  came  to  wrong  pin. 
«   4.47  „  „ 


„   4.49 

» 

>> 

„   4.50 

» 

right  pin. 

„   4.52 

» 

» 

„   4.55 

>> 

wrong  pin. 

„   4.56 

J> 

right  pin.  This  ant  (No.  2)  I 
allowed  to  return  to  the  nest, 
which  she  did  at  5.23. 

„  5.6 

J> 

right  pin. 

„  5.11 

>> 

wrong  pin. 

Digitized  by 


Google 


POWER  OF  COMMUNICATION.  381 


At  5.12  an  ant  came 

to.  right  pin. 

I  changed  the  pin. 

„  5.16  an  ant  came 

to  the  pin 

which  I  had  put  in 

the  same  place. 

»                 >> 

right  pin. 

„  5.19             „ 

5> 

„  5.20  two  ants 

99 

with  No.  2. 

„      ant  No.  1 

99 

and  went  at  5.25. 

,y  5.25  an  ant 

99 

This  ant  had  been 
spoken  to  by  No.  2. 

,,  5.26  another  ant 

99 

„    5.35                         yj 

99 

„  5.37           jj 

9> 

„  5.40           „ 

M 

„  5.41  ant  No.  1 

9> 

and  went  at  5.49. 

„  5.45  another  ant 

99 

„  5.50 

J9 

„  5.51  ant  No.  1  came  back,  and  5.54  went, 
,,  5.58  two  ants  came  to  the  right  pin. 
,,  5.59  another  ant        „         „ 

„  „  came  to  a  wrong  pin. 

I  changed  the  pin  again! 
„  6.49  an  ant  came  to  the  pin  which  I  had  put  in 

the  same  place. 
„  7.  1  another  ant  came  to  the  right  pin. 
„  7.20  9,  9, 

59  7.33  „  ,, 

„  7.46  ant  No.  1  returned,  7.55  went. 

Thus  during  this  time,  from  4.50  until  7.50,  twenty- 
nine  ants  came,  twenty-six  went  to  the  right  pin,  while 
only  three  went  up  any  of  the  nine  wrong  ones.  More- 
over, out  of  these  twenty-six,  only  four  were  distinctly 
brought  by  the  two  ants  which  I  had  shown  the 
honey. 

On  the  19th  I  tried  a  similar  experiment.      The 
marked  ants  frequently  brought  friends  with  them ;  but. 
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without  counting  these,  from  3.20  to  8  o'clock,  out  of 
forty-five  ants,  twenty-nine  went  up  the  right  pin,  while 
sixteen  went  up  the  nine  wrong  ones. 
Thus  on 

July  13,  out  of  27  ants,  19  went  right  and  8  wrong. 
„    15       „     29     „     17  „  12      „ 

„    16,     „     30     „     16  „  14      „ 

„    18       „     26     „     23  „  3      „ 

„    19       „    45     „     29  „  16      „ 

Or  adding  them  all  together,  while  there  were  never 
less  than  ten  pins,  out  of  156  ants,  103  came  up  the 
right  pin,  and  only  53  up  the  others. 

I  was  at  first  disposed  to  infer  from  these  facts  that 
the  first  ant  must  have  described  the  route  to  its  friends, 
but  subsequent  observations  satisfied  me  that  they 
might  have  found  their  way  by  scent. 
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APPENDIX  E. 

The    following  axe    the   details    of  the    experiment 
referred  to  in  p.  168  : — 

January  24,  1875. — I  put  an  ant,  which  already 
knew  her  way,  on  the  larvae  at  3.22. 
At  3.30  she  returned. 


4.15 

9> 

At  3.38  another  ant  came ;  and 

4.25 

9> 

the   bridge  /  being 

4.34 

n 

turned    towards    m, 
she  went  over  it  to  m. 

4.42 

» 

3.50 

4.50 

>9 

4.35 

4.56 

J> 

5.15               ,,             „ 

At  5.  5  she  returned. 

5.14 

55 

6.25 

55 

January  25, 

, — 6.30  A.M.  put  two  ants,  which  knew 

their  way. 

to  the  larvae. 

No.  1. 

No.  2. 

Setumed 

6.55 

» 

7.  7 

Eetumed 

7.11 

99 

7.15 

55 

7.27 

f» 

7.35 

» 

7.46 

55 

7.47 
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No.  1. 

No.  2. 

Eetumed  7.49 

Eetumed  7.51 

a 

7.53 

55 

7.57 

>> 

8.  0 

99 

8.  3 

» 

8.  8 

8.16 

99 

8.17 

55 

8.18 

» 

8.21 

8.22 

» 

8.25 

55 

8.25 

8.27 

>9 

8.29 

99 

8.30 

99 

8.31 

95 

8.34 

55 

8.35 

95 

8.36 

• 

99 

8.40 

55 

8.40 

55 

8.44 

55 

8.46 

8.46 

99 

8.47 

95 

8.51 

55 

8.51 

55 

8.55 

55 

8  59 

55 

9.  3 

55 

9.  8 

99 

9.18 

>9 

9.24 

95 

9.27 

55 

9.30 

•9 

9.32 

55 

9.34 
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No.  1. 

No.  2. 

Eetumed  9.36 

Eetumed  9.37 

9> 

9.43 

99 

9.43 

99 

9.45 

99 

9.46 

99 

9.47 

99 

9.60 

99 

9.51 

>J 

9.66 

99 

9.56 

» 

9  68 

99 

9.58 

J> 

10.  1 

99 

1.10 

>> 

10.  7 

99 

10.  7 

» 

10.10 

99 

10.10 

99 

10.15 

99 

10.16 

99 

10.17 

JJ 

10.18 

99 

10.20 

99 

10.20 

99 

10.22 

99 

10.22 

99 

10.24 

• 

99 

10.28 

99 

10.30 

99 

10.32 

99 

10.33 

99 

10.35 

99 

10.35 

99 

10.38 

99 

10.39 

99 

10.42 

99 

10.42 

99 

10.45 

99 

10.46 

99 

10.48 

99 

10.49 

99 

10.61 

99 

10.51 

99 

10.63 

99 

10.53 

99 

10.66 

cc 


9.44  ao  ant  to  m. 


10.11 
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No.  1. 

No.  2. 

jturae 

d   10.58  Betnmed  10.58 

99 

11.  0 

>5 

11.    1 

J> 

11.  2 

» 

11.  5 

99 

11.10 

99 

11.12 

11.15  another  ant 
torn. 

19 

11.16 

99 

11.21 

>9 

11.23 

99 

11.24 

99 

11.26 

99 

11.26 

99 

11.30 

99 

11.30 

99 

11.35 

99 

11.35 

99 

11.36 

99 

11.40 

99 

99 

11.40 
11.43 

11.40      „ 
11.42      „ 

99 

11.45 

99 

11.45 

99 

11.46 

9> 

11.50 
11.51 
11.56 

>J 

11.58 

99 

11.59 

9> 

12.  0 

99 

12.  2 

99 

12.  2 

9> 

12.  6 

99 

12.  6 

99 

12.10 

99 

12.10 

9> 

12.14 

99 

12.16 

99 

12.20 

99 

12.20 

12.20      „ 

» 

12.24 

» 

12.30 
1.  2 

dropped, 
imprisoned  her. 
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No.  1. 

um€ 

id  12.31 

99 

12.36 

» 

12.44 

99 

12.46 

99 

12.50 

99 

12.54 

95 

12.59 

S9 

1.  1 
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No.  2. 

12.35  an  ant  to  m. 


I  then  put  her  into  a  small  bottle. 

I  let  them  out  again  at  7.10  on  the  27th.  Though 
the  interval  was  so  long,  they  began  at  once  to  work ; 
but  one  unfortunately  met  with  an  accident.  The  other 
returned  as  follows,  viz.  at 

7.20 
7.30 
7.40 

7.46 
7.51 
7.55 
7.59 

In  these  experiments,  therefore,  17  unmarked  ants 
came ;  but  at  the  point  n  they  all  took  the  wrong  turn, 
and  not  one  reached  the  larvae. 


7.48  stranger  to  m. 


0  0  2 
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APPENDIX  F. 

The  following  are  the  details  referred  to  on  p.  168 : — 

Jomuary  27,  1876. — At  5.30 1  let  out  the  same  two 
ants  as  were  under  observation  in  the  preceding  experi- 
ments. 


No   1. 

No.  2. 

Eetumed  at  6.40,  the  other  not  till  6.49 

5> 

6.    0 

>> 

6.  8 

99 

6.26 

6.22  an  ant  to  m» 

99 

6.32 

99 

6.37 

99 

6.41 

99 

6.46 

99 

6.48 

99 

99 

6.49  6.50 

99 

6.61 

6.62         „ 

9> 

6.64 

99 

J9 

7.  0  6.53  an  ant  to 
larvae. 

99 

7.  1 

99 

7.  6 

99 

7.  6 

99 

7.  9 

99 

7.12 

99 

7.17 

99 

7.17 

99 

7.22  7.27ananttom. 

99 

7.25 

99 

7.28 

>9 

7.29 

99 

99 

7.34 

I  then  put  them  into  the  bottle 
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January  28. — Let  them  out  at  6.45. 

No.  1.  No.  2. 


Back  at  7.  0 

99 

— 

7.  3 

9> 

7.  5 

99 

7.11 

^9 



7.12 

99 

7.16 

99 

7.21 

» 

7.27 

7.31  an  ant  to  m. 

99 



7.32 

99 



7.42 

» 

7.45 

She  dropped  into 

99 

7.52 

some  water. 

» 

8.  2 

99 

8.11 

99 

8.20 

99 

8.26 

99 

8.30 

99 

8.36 

99 

8.40 

.    . 

99 

8.44 

99 

8.48 

I  then  put  them  into  the  bottle. 

January  29.- 

-I  let  them  out  at  7.35  a.m. 

No 

1.  1  returned  at  7.47,  after  which  I  saw  her  no 

more. 

I  fear  she  must  have  met  with  an  accident. 

No.  2  returned  at 

7.56 

8.  8 

8.18 

8.28 

8.35 

8.42 

8.48 
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8*50  another  ant  came  to  the  larvae; 
marked  her  No.  3. 
8.56 
9.  5 
9.19  No.  3. 

9.20 
9.26 
9.36 
9.46  2  ants  to  larvae. 

9.47  5  ants  to  m. 

At  9.40  I  found  one  of  the  ants  which  had  been 
under  observation  on  the  24th,  and  put  her  to  the 
larvae.     She  returned  as  follows  (No.  4) : — 


No.  2. 

No.  3. 
9.50 

9.55 

No.  4. 
9.52 

9.58 

10.  3 

10.10 

10.15 

10.12 

10.20 

10.23 

10.20 

10.26 

10.26 

10.29 

10.33 

10.36 

10.37 

10.40 

10.41 

10.41 

10.44 

10.44 

10.48 

10.51 

10.53 

10.56 
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No.  1.         No.  2.  No.  3. 

10.57 
10.59       10.59 

11.  2         11.  2 
11.  4 


11.17 
11.  9       11.  9 


11.17 


11.40 


11.47 


12.  0 


11.13 
11.16 


11.42 
11.46 


12.  1 


11.  5  an  ant  to  larrse. 
11.  8         ,,         ,. 


11.10 
11.14 


11.18 
11.20  11.20 

11.21 


11.22  an  ant  to  m. 
11.23       11.23         11.23 

11.25  an  ant  to  larvse; 
11.26 
11.28 

11.30 
11.33       11.33 


11.35 
11.44 


11.50    11.50 . 
11.54    11.64 

11.55  an  ant  to  m. 
11.58    11.58 


12.  6 
12.  7 
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No.  1.  No.  2.  No,  8. 

12.  8 


1.13 
1.22 

1.44 


12.13 

12.18 
12.26 


12.10 
12.15 

12.27 

12.30 
12.36  12.36 

12.40 
12.43 

12.47 
12.50 

12.53 
12.56 


12.59 

1.  7 
1.12 


1.55 


12.14 
12.24 

12.39 
12.45 
12.52 
12.57 


1.  0 
1.  7  1.  7 


1.18 


1.25 

1.33 

1.41 

1.51 

1.56 

2.  9 

2.35 
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I  then  put  her  into  a  small  bottle.  We  kept  a  look- 
out for  Nos.  2  and  3  till  7.30  P.M. ;  but  they  did  not 
return. 

Jomuary  30. — Let  No.  4  out  at  7  a.m.  She 
returned  at  7.45. 


No.  3  came] 

of  herself  at  [®-  ^ 

No.  i. 

Betumlng  at  8.  9 

s'.  6 

8.15  another  ant  to  larvae. 

8.20 

8.25 

„           8.30 

„           8.36 

No.  3. 

No.  4. 

Ketuming  at  8.40 

8.43 

8.51  an  ant  to  m. 

8.52 

3.  3 

9.  6 

Imprisoned  them. 

Let  them  out  at  10.55. 

Eetnmingat  11.  1 

11.  3 

11.  8 

11.  9 

11.14  another  ant  to  m. 

And  they  went  on  coming  regularly  till  1,  when  I  put 
them  again  into  a  bottle. 

Jcmuctry  31. — ^Let  them  out  at  6.35  a.m 

No.  3.  No.  4. 

6.55 
7.12 

7.15 
7.21 
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No.  3. 

No.  4. 
7.29 

7.37 

7.42 

7.42 

7.48 

7.53 

7.55  another  ant  to  m. 
•  8.  0             „ 

8.  1 

8.12 

8.18 

8.20 

8.24 

8.27 

8.28 

8.32 

8.36  an  ant  to  laihrse. 

8.39 

8.44 

I  imprisoned 

them. 

Jamuwry 

31.- 

—Let  them  out  at  5.35  pji. 

No.  3. 

No.  4. 

5.47 

6.25 

6.35 

6.48 

6.63 

7.  2 

7.  7 

7.11 

7.16 

7.20 

7.23  another  ant  to  larvse. 

7.25 

7.26 

7.27          „         Tn, 
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No.  3. 

7.29  another  ant  to  m. 
7.30  7.30  „         larv8B. 

Im  prisoned  her  7.31  ^         m. 

Februwry  1. — Let  her  out  at  7.5. 

No.  3. 

She  returned  at  7.20 
7.30 


>5 
5> 


7.40 

7.48 
7.58 

8.  6 
8.12 


8.22 


7.38  another  ant  to  m. 


7.59 


8.14 
8.17 


Imprisoned  her  and  let  her  out  again  at  6.20  p.m. 

She  returned  at  6.35 

„  6.52 

7.  0 

7.  5 

7.15 

7.20 

7.25 

Imprisoned  her. 

Fehnmry  2. — Let  her  out  at  6.30  a.m. 

.  She  returned  at  6.50 

7.  0 

7.  2  another  ant  to  m. 

1.1 

7.10  two  other  ants  to  m. 
7.13 
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She  returned  at  7.17 


7.28 
7.36 

7.45 
7.50 

7.55 
8.  4 


7.27aiiothera]itto  larvae, 
7.38  „         Tti. 

7.51  „  „ 

8.  6  „  M 


8.11 
„  8.18 

„  8.30 

,,  8.35 

„  8.45 

„  8.46 

Imprisoned  her. 

In  this  experiment,  then,  the  bridge  over  which  the 
marked  ant  passed  to  the  larvae  was  left  in  its  place, 
the  scent,  however,  being  removed  or  obscured  by  the 
fidction  of  my  finger ;  on  the  other  hand,  the  bridge 
had  retained  the  scent,  but  was  so  placed  as  to  lead 
away  from  the  larvae ;  and  it  will  be  seen  that,  under 
these  circumstances,  out  of  41  ants  which  foimd  their 
way  towards  the  larvae  as  fiir  as  e,  14  only  passed  over 
the  bridge  /  to  the  larvae,  while  27  went  over  the 
bridge  d  to  the  empty  gla«s  m. 

Taking  these  observations  as  a  whole,  150  ants 
came  to  the  poiat  e,  of  which  21  only  went  on  to  the 
larvae,  while  95  went  away  to  the  empty  glass.  These 
experiments,  therefore,  seem  to  show  that  when  an 
ant  has  discovered  a  store  of  food  and  others  flock  to 
it,  they  are  guided  in  some  cases  by  sight,  while  in 
others  they  track  one  another  by  scent. 


Digitized  by 


Google 


POWER  OF  COMMUNICATION.  397 


APPENDIX  G. 

The  following  are  the  details  of  the  experiment  referred 
to  on  p.  172 : — 

Experi/merU  1.— Time  occupied,  1  hour.  The  ant 
with  few  larvae  made  6  visits  and  brought  no  friends. 
The  one  with  many  larvae  made  7,  and  brought  11 
friends. 

Experiment  2. — ^Time  occupied,  2  hours.  The  ant 
with  few  larvae  made  13  journeys,  and  brought  8 
friends.  The  one  with  many  larvae  did  not  come 
back. 

Experiment  3. — Time  occupied,  3  hours.  The  ant 
with  few  larvae  made  24  journeys,  and  brought  5 
friends.  The  one  with  many  larvae  made  38  journeys, 
and  brought  22  friends. 

Experiment  4. — Time  occupied,  2^  hours.  The 
ant  with  few  larvae  did  not  come  back.  The  one  with 
many  made  32  journeys,  and  brought  19  friends. 

Experiment  6. — ^Time  ocupied,  1  hour.  The  ant 
with  few  larvae  made  10  journeys,  and  brought  3 
friends.  The  other  made  5  journeys  and  brou^t  16 
friends. 

Experiment  6. — ^Time  occupied,  IJ  hour.  The  ant 
with  few  larvae  made  15  journeys,  but  brought  no 
friends.  The  other  made  11  journeys  and  brought  21 
friends. 

Experiment  7. — I  now  reversed  the  glasses.  Time 
occupied  3  hours.  The  ant  with  few  larvae  made  23 
journeys  and  brought  4  frif^nds. 
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Experiment  8. — Time  occupied,  1^  hour.  The  ant 
with  few  larvae  made  7  jomneys  and  brought  3  friends. 
The  one  with  many  larvae  made  19  journeys  and  brought 
6  friends. 

Expervment  9. — ^Time  occupied,  1  hour.  The  ant 
with  few  larvae  made  11  journeys  and  brought  1  friend* 
The  one  with  many  larvae  made  15  journeys  and 
brought  13  friends. 

ExperimeTit  10. — I  now  reversed  the  glasses,  the 
same  two  ants  being  under  observation ;  so  that  the  ant 
which  in  the  previous  observation  had  few  larvae,  now 
consequently  hiad  many,  and  vice  verscL  Time  occupied 
2  hours.  The  ant  with  few  larvae  made  21  journeys 
and  brought  1  friend.  The  one  with  many  larvae  made 
32  journeys  and  brought  20  friends.  These  two  experi- 
ments are,  I  think,  very  striking. 

Expervmervt  11. — Time  occupied,  5  hours.  The 
ant  with  few  larvae  made  19  journeys  and  brought  1 
friend.  The  one  with  many  larvae  made  26  journeys 
and  brought  10  friends. 

Experi/mervt  12. — ^Time  occupied,  3  hours.  The  ant 
with  few  larvae  made  20  journeys  and  brought  4  friends. 
The  one  with  many  larvae  brought  no  friends  and  made 
17  journeys. 

Experiment  13. — ^Time  occupied,  1  hour.  The  ant 
with  few  larvae  made  5  journeys  and  brought  no  friends. 
The  one  with  many  made  10  journeys  and  brought  16 
friends. 

Eaypervment  14. — ^I  now  reversed  the  glasses.  Time 
occupied,  2^  hours.  The  ant  with  few  larvae  made  10 
journeys  and  brought  2  friends.  The  other  made  41 
journeys  and  brought  3  friends. 

Eccperim^nt  15. — ^Time  occupied,  4^  hours.  The 
ant  with  few  larvae  made  40  journeys  and  brought  10 
friends.  Of  these,  8  came  at  the  beginning  of  the  ex- 
periment, and  I  much  doubt  whether  Qiey  were  brought ; 
during  the  last  hour  and  a  half  she  only  brought  I 
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friend.     However,  I  think  it  fair  to  record  the  observa- 
tion. 

The  ant  with  many  larvae  made  47  journeys  and 
bronght  1  friend. 

Ea!p€riment  16. — Time,  4^  hours.  The  ant  with 
few  larvae  made  20  journeys  and  brought  1  friend.  She 
did  not  return  after  the  first  2  hours.  The  other  ant 
made  53  journeys  and  only  brought  2  friends.  This 
latter  was  the  same  one  as  in  the  previous  experiment, 
when,  however,  she  had  the  glass  with  only  two  or  three 
larvae. 

Expervrrimi  17. — ^Time,  1  hour.  The  ant  with  few 
larvae  made  6  journeys  and  brought  no  friend.  The 
one  with  many  larvae  made  11  journeys  and  brought  12 
friends. 

EayperiTnent  18. — Time,  IJ  hour.  The  ant  with 
few  larvae  made  25  journeys  and  brought  four  friends. 
The  one  with  many  larvae  made  20  journeys  and  brought 
15  friends. 

Eacpervment  19. — ^Time,  4^  hours.  The  ant  with 
few  larvae  made  74  journeys  and  brought  no  less  than 
27  friends.  This  is  quite  in  opposition  to  the  other, 
observations;  and  I  cannot  account  for  it.  She  was 
the  ant  who  brought  15  friends  in  the  previous  experi- 
ment, and  it  certainly  looks  as  if  some  ants  were  more 
influential  than  others..  The  ant  with  many  larvae 
made  71  journeys  and  only  brought  7  friends. 

Experiment  20. — ^Time,  2  hours.  The  ant  with  few 
larvae  made  35  journeys  and  brought  4  friends.  The 
one  with  many  larvae  made  34  journeys  and  brought  3 
friends. 

Experiment  21. — ^I  now  transposed  the  two  glasses. 
Time,  IJ  hour.  The  ant  with  few  larvae  made  15 
journeys  and  brought  no  friends.  The  other  made  35 
journeys  and  brought  21  friends. 

Eocperiment  22. — I  now  transposed  the  glasses 
again.    Time,  2  hours.    The  ant  with  many  larvae  made 
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37  journeys  and  brought  9  friends.  The  ant  with  few 
larvae  made  18  journeys  and  brought  no  friend.  This, 
I  think,  is  a  very  striking  ease.  She  was  under  observa- 
tion 5i  hours ;  and  the  scene  of  her  labour  was  the 
same  throughout.  The  first  2  hours  she  had  few  larvae 
and  brought  4  Mends ;  then  for  1^  she  had  many  larvae 
and  brought  21  friends;  then  again  for  2  hours  she 
had  few  larvae  and  brought  no  friend. 

Eaypervment  23. — ^Tune,  1^  hour.  The  ant  with 
few  larvae  made  26  journeys  and  brought  3  friends. 
The  other  made  only  9  journeys,  but  brought  10  friends. 

Experi/ment  24. — ^I  now  transposed  the  glasses. 
Time  occupied,  2  hours.  The  ant  which  now  had  few 
larvae  made  14  journeys,  but  brought  no  friends.  The 
other  made  37  journeys  and  brought  5  friends. 

Experiment  25. — ^Time  3  hours.  I  put  an  ant  for  an 
hour  to  a  full  glass ;  she  made  10  journeys  and  brought 
4  friends.  I  then  left  only  two  or  three  larvae :  in  the 
second  hour  she  made  7  journeys  and  brought  no 
friend.  I  then  again  filled  the  glass ;  and  during  the 
third  hour  she  made  14  journeys  and  brought  3 
friends. 
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APPENDIX  H. 

The  following  axe  the  detailed  observations  on  bees 
alluded  to  in  Chapter  X. 

August  24. — I  opened  the  postern  door  at  6.45,  and 
watched  some  marked  bees  till  the  middle  of  the  day. 

Bee  No.  1. 

6.50  One  came  to  the  honey.     She  then  flew  to  the 
window,  but  after  buzzing  about  for  some  time 
returned  to  the  hive. 
7.21  back  to  honey.  7.23  back  to  hive* 

7.26  back  to  honey. 

7.30  flew  to  window  and  then  fell  on  the  floor.     I  was 
a&aid  she  would  be  trodden  on,  so  at  7.45  I 
showed  her  the  way  to  the  hive. 
8.40  back  to  honey. 
8.45  back  to  hive.     I  now  closed  the   postern  door 

till  10.15. 
10.35  back  to  honey.  10.39  to  hive. 

10.45  „  and  then  to  hive. 

12.35  „  12.37  to  hive  again. 

Bee  No.  2. 

7.  0  she  came  to  the  honey.  7.  5  she  went  back  to  hive. 

7.12  back  to  the  honey.  7.22  „ 

7.24  „  7.30 

7.42  „  7.46  „ 

7.52  „  7.57  „ 

D  D 
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8.  5  back  to  the  honey.  8.  9  she  went  back  to  hive, 

8.15  „  8.20  „ 

8.26  „  8.30  „ 

8.40  „  8.44  „ 

8.65  „  9.  0  „ 

,  I  then  closed  the  door  till  10.15  ;  at  9.5,  however, 
she  came  round  to  the  honey  through  an  open  window, 
but  could  not  find  her  way  back,  so  I  had  to  put  her 
into  the  hive. 


10.15  back 

to  the  honey. 

10.17  shewent  back  to  hive. 

10.20 

99 

10.23 

55 

10.30 

5> 

10.33 

55 

10.50 

55 

10.55 

55 

11.  1 

55 

.11.  6 

55 

11.17 

55 

11.23 

55 

11.33 

55 

? 

11.45 

55 

11.50 

12.  0 

55 

12.  3 

12.10 

55 

12.15 

12.24 

55 

12.30 

12.37 

55 

12.43 

12.52 

55 

12.56 

Bee  No.  3. 

Also  on 

August  24. 

• 

10,16  came 

to 

honey. 

10.1*9  returned  to  hive. 

10.30 

5> 

10.34 

55 

10.55 

99 

10.57 

55 

11.  2 

5J 

11.  5 

11.11 

» 

11.15 

11.24 

» 

11.27 

11.35 

» 

11.37 

J, 

11.43 

99 

11.47 

11.57 

» 

V 

12.13 

99 

12.16 
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12.26  came 

to  honey. 

12.30  returned  to  hive. 

12.36 

» 

12.42 

5? 

12.56 

99 

12.59 

55 

The  next  day 

I  timed  this  bee  as  follows : — 

7.23  came 

to  honey. 

7.25  returned  to  hive. 

7.35 

55 

7.37 

55 

7.44 

55 

7.45 

55 

8.10 

55 

8.12 

55 

8.53 

55 

8.55 

55 

(The 

door  was  then  closed  till  9.30.) 

9  35 

55 

9.40 

to  window,  and  at 
9.49  to  hive. 

10.  0 

55 

10.  5  returned  to  hive. 

10.13 

55 

10.15 

55 

10.22 

55 

10.26 

55 

10.35 

55 

•  10.40 

55 

10.45 

55 

10.48 

55 

10.56 

55 

? 

55 

11.  7 

55 

11.12 

55 

11.18 

55 

11.20 

55 

11.35 

55 

11.37 

55 

11.47 

55 

11.51 

55 

12.  2 

55 

12.  6 

55 

12.25 

55 

12.29 

55 

12.51 

55 

12.54 

55 

During  these  observations  scarcely  any  unmarked 
bees  came  to  the  honey. 

In  these  cases  the  postern,  beijig  small  and  on  one 
side,  was  not  very  easily  found.  If  the  honey  had 
been  in  an  open  place,  no  doubt  the  sight  of  their  com- 
panions feasting  would  have  attracted  other  bees ; 
but  the  honey  was  rather  out  of  sight,  being  behind 
the  hive  entrance,  and  was,  moreover,  only  accessible 
by  the  narrow  and  winding  exit  through  the  little 
postern  door. 

But,  however  exposed  the  honey  might  be,  I  found 
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similar  results,  unless  the  bees  were  visible  to  their 
fellows.  Of  this  it  may  be  well  to  give  some  detailed 
evidence. 

Thus,  one  morning  at 


9.19 

I  brought  a  bee 
to  some  honey. 

■ 

Q  „ .  f  she  returned  to 
'^•^^  1      the  hive. 

9.55  1 

she  came  back 
to  the  honey. 

10.  0 

5J 

10.  8 

» 

10.10 

99 

10.16 

99 

10,19 

99 

10.28 

« 

10.30 

99 

10.37 

n 

10.40 

99 

10.50 

» 

10.53 

99 

11.  0 

9> 

11.  4 

99 

11.11 

» 

11.15 

99 

11.22 

»> 

11.27 

99 

11.34 

J9 

11.37 

99 

11.46 

» 

11.50 

99 

11.65 

>' 

12.  0 

99 

12.  6 

» 

12.  7 

99 

12.40 

99 

12.46 

99 

12.54 

» 

12.57 

99 

1.  2 

>5 

1.  4 

99 

Flew  about. 

1.15 

» 

1.18 

99 

1.23 

99 

1.27 

99 

1.34 

>» 

1.41 

99 

1.54 

>5 

2.  0 

99 

After  which  she  did  not  return.    During 

this  time  no 

other  bee  came  to  the  honey. 

Again  on  another  occasion  I  watched  several  bees, 
which  on  my  list  of  marked  bees  stood  as  Nos.  3,  4,  7, 
8,  10,  and  11. 

9.45  bee  No.  10  came.  9.60  went  back  to  hive. 

10.  0       „        10      „  10.  3  „ 

10.18       „        10      „  10.21  „ 

10.26       „        11      „  10.30 
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10.30  bee  No 

.  4  came. 

10.35  went  back  to  hive 

10.36 

55 

7          55 

10.45 

55 

10.46 

55 

4          55 

10.52 

55 

10.49 

55 

7           5, 

10.62 

55 

11.  0 
11.  5 
11.11 

55 
55 
55 

7           55 
4           55 
7           55 

11.  9 
11.  9 
11.16 

55 
55 
55 

11.21 

59 

7      „ 

11.29 

55 

11.22  a  strange  bee  came. 
11.26  bee  No.  4  came. 

11.31 

55 

11.30 

55 

7          5, 

11.39 

55 

>5 

11.40 

55 
55 

10      „ 

4          55 

11.36 
11.45 

55 

55 

11.45 

55 

7           ,5 

11.50 

55 

11.47 

55 

10      „ 

11.69 

55 

99 

12.  1 

another 

bee  No 

strange  bee 
.  4  came. 

came. 
12.  6 

55 

12.  2 

55 

7      „       . 

12.  8 

55 

12.  3 

55 

3      „ 

12.  7 

55 

12.  4 

55 

10      „ 

12.  7 

55 

12.14 

55 

7      „ 

12.18 

55 

12.17 

55 

4      „ 

12.21 

55 

12.24 

55 

7     „ 

12.31 

55 

12.30 

55 

10     „ 

12.33 

55 

12.36 

55 

7     „ 

12.46 

55 

12.37 

55 

4      „ 

12.44 

55 

12.37 

55 

10      „ 

12.40 

55 

12.46 

55 

10      „ 

12.49 

55 

12.50 

55 

7     „ 

12.54 

55 

12.50 

55 

4      „ 

12.54 

55 

12.53 

55 

10      „ 

12.56 

55 

12.57 

55 

7      „ 

1.  0 

55 

12.57 
1.  0 
1.  2 
1.  9 

55 
55 
55 
55 

4     „ 

10      „ 

7     „ 

4     „ 

1.  2 
? 

1.  6 
1.12 

55 
55 
55 
55 

1.10 

55 

8      „ 

1.16 

>5 
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1.10  bee  No.  7  came              1.16  went  back  to  hive. 

1.16       , 

4      , 

,                 1.19 

1.17       , 

,          5      , 

1.21 

1.20       , 

7      , 

,                  1.24 

1.20       , 

8      ) 

,                  1.25 

1.21       , 

,          4      , 

1.24 

1.23       , 

5      , 

,                  1.27 

yy 

1.29       , 

,          4      , 

1.29       , 

7      , 

After  this  I  ceased  recording  in  detail;  but  the 
above  shows  that  while  the  marked  bees  came  regu- 
larly, only  in  two  cases  did  any  unmarked  bees  come 
to  the  honey. 

In  the  above  cases  the  honey  was  poured  into 
saucers,  but  not  weighed.  In  the  following  I  used  a 
wide-mouthed  jar  containing  rather  more  than  one 
pound  of  honey. 


:  bee  No.  5  came. 
,       5 


1.44 
1.'54 
2.  2 
2.  9 
2.  9 
2.18 
2.19 
2.28 
2.37 
2.32 
2.49 

3.10  another  came  which  I  numbered  as  No.  14. 

3.11 

3.19 

3.20 

3.19 

3.30 

3.31 


5 
5 
1 
5 
1 
1 
1 
5 
5 
1 


99 
J5 

99 
?5 
JJ 

99 
JJ 
J5 
99 


1.45  went  away. 

1.58  „ 

2.  5 

2.13  „ 

2.15 

2.20 

2.21 

2.31 

2.41 

2.40 

2.51 

2.55 


bee  No.  1  came. 

5 

1 
14 

5 
14 


J5 


3.13  went  away. 

3.22  „ 

3.23  „ 

3.32 
3.33 
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3.37  bee  No.  1  came.       3.40  went  away. 


}She  was 
disturbed. 


3.38 

99 

5 

99 

3.42 

3.38 

>J 

14 

99 

3.41 

3.47 

5> 

5 

99 

3.49 

3.46 

JJ 

14 

99 

3.61 

3.54 

J> 

14 

99 

3.56 

4.  0 

5J 

1 

99 

4.  3 

4.  0 

55 

5 

99 

4.  3 

4.  5 

J5 

14 

99 

4.11 

4.10 

99 

5 

99 

4.12 

4.15 

99 

14 

99 

4.20 

4.22 

99 

1 

99 

4.25 

4.24 

99 

14 

99 

4.29 

4.26 

99 

5 

i9 

4.29 

During  the  whole  of  this  time  only  one  strange  bee 
came,  as  recorded  above. 

In  the  following  case  I  put  out,  besides  one  pound 
of  honey,  also  four  ounces  of  honey  spread  over  two 
plates. 


12.15  ( 

one  of  my 

marked 

12.21  she  went, 

bees  came. 

12.26  she  returned. 

12.31 

99 

12.36 

M 

12.44 

99 

12.51 

» 

12.57 

99 

1.  4 

» 

1.12 

99 

1.15 

n 

1.19 

99 

1.25 

>J 

1.32 

99 

1.38 

» 

1.44 

99 

1.49 

>J 

1.55 

99 

2.  0 

» 

2.  7 

99 

2.14 

>J 

2.19 

99 

2.25 

» 

2.33 

99 

2.38 

n 

2.44 

99 

2.50 

» 

2.58 

99 

3.  5 

» 

3.13 

99 
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3.20  she  returned. 

3.32  she  went 

3.39 

J9 

3.45 

>j 

3.52 

n 

4.  0 

jj 

4.  7 

4.  9 

n^ 

4.15 

4.20 

J> 

4.27 

4.32 

J> 

4.43 

4:A5 

5> 

4.50 

4.59 

5> 

5.  7 

» 

5.13 

5> 

5.25 

99 

5.31 

JJ 

5.42 

99 

5.48 

J> 

5.56 

» 

6.  1 

J> 

6.14 

She  was 
[disturbed. 


During  this  time  no  other  bee  came  to  the  honey. 

I  had,  on  August  20,  introduced  some  bees  to  honey 
in  my  room,  since  which  it  had  been  much  visited  by 
them.  On  the  24th  I  put  a  bee  to  some  honey  inside 
a  flower-pot  five  inches  high  and  five  wide  at  the  base. 
The  flower-pot  was  laid  on  its  side,  and  the  mouth 
closed,  so  that  the  bee  had  to  come  out  through  the 
hole  in  the  bottom,  which  was  about  ^  an  inch  in  dia- 
meter. To  make  things  easier  for  her,  I  made  her  a 
small  alighting-board  of  wood,  the  top  of  which  was 
level  with  the  hole.  I  then  placed  the  flower-pot  on 
the  spot  where  she  was  accustomed  to  find  the  honey. 
She  had  made  her  first  visit  that  morning  at  6.45,  re 
turning 

At  6.55 
7.  5 
7.14 

7.23.     I   then  arranged  the  flower-pot  as  de- 
scribed, and  put  her,  while  feeding,  into 
it :  she  found  her  way  out  without  diflS- 
culty. 
At  7.40  she  returned,  but  did  not  seem  able  to  find 
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7.50 

8.  6 
and  8.20 

but  at  8.38 

8.53 

9.  5 
9.14 
9.25 
9.41 
9.55 

10.  6. 


her  way ;  so  I  put  her  in. 
thing  happened  again  at 


The  same 


she  found  her  way  in  easily,  and  had  no 
further  difficulty.     She  returned  at 


At  10.19 
10.30 
10.44 
10.54 

11.  6 
11.20 
11.31 
11.44 
11.55 

12.  9 
12.25 
12.37 
12.50 

1.  2 
1.14 
1.25 
1.36 
1.47 
1.57 

2.  9 
2.19 
2.31 


This  time  a  friend  came  with  her  and 
followed  her  in.     I  captured  her.     No.  2 
took  no  notice,  but  returned 
At  2.43 


2.59 
3.23 
3.33 
3.44 
3.56 
4.  7 
4.21 
4.34 
4.44 
4.55 
5.10 
5.24 
5.35 
5.46 
5.58 

6.  9 
6.20 
6.42 

7.  0 
7.15 

making  59  visits. 
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After  which  she  came  no  more  that  day.  With  the  one 
exception  above  mentioned,  during  the  whole  time  no 
other  bee  came  to  the  honey.  I  might  also  mention 
that  I  had  put  out  six  similar  flower-pots  in  a  row,  and 
that  this  seemed  to  puzzle  the  bee  a  good  deal ;  she 
frequently  buzzed  about  before  them,  and  flew  from  one 
to  the  other  before  entering.  When  she  went  in,  she 
generally  stood  still  just  inside  the  entrance  for  about 
thirty  seconds,  buzzing  loudly  with  her  wings.  I 
thought  at  first  whether  this  could  be  intended  as  a 
sort  of  gong  to  summon  other  bees  to  the  feast ;  but 
though  several  were  flying  about,  at  any  rate  none  came. 
The  following  day  (August  25)  she  came  at  6.51,  and 
had  made  nine  journeys  up  to  8.41,  when  I  left  off 
watching.     During  this  time  no  other  bee  came. 

August  26. — She  came  at  6.32,  and  up  to  8.43  had 
made  thirteen  journeys. 

August  27.— She  came  at  6.7,  and  up  to  8.43  had 
made  fourteen  journeys. 

August  28. — She  came  at  6.17,  and  up  to  7.11  had 
made  five  journeys.  During  these  days  no  other  bee 
came. 

On  July  19  I  put  a  bee  (No.  10)  to  a  honeycomb 
containing  12  lbs.  of  honey 

At  12.30  she  returned.  At  12.36  went  back  to  hive. 
12.50           „  12.55  „ 

1.  6  „  1.12 

1.53  „  1  57  „ 

^.    O  „  ^r   «/  „ 

2.16  „  2.20  „ 

2.28  „  2.32?  „ 

2.49  „  2.55  „ 

3.13  „  3.20  „ 

o*ol  „  o.«5t7  „ 

0.4*)  „  o.OD  „ 

4.  2  „  4.  8 
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4.18  she  returned. 

4.24  went  back  to  hive, 

4.31 

99 

4.37 

99  . 

4.47 

99 

4.58 

99 

5.1-0 

99 

5.19 

99 

5.27 

99 

5.30 

99 

6.  9 

99 

6.15 

99 

6.23 

99 

6.29 

99 

7.19 

99 

7.24 

99 

7.35 

99 

7.40 

99 

7.50 

99 

7.55 

99 

and  during  all  this  time  no  other  bee  came  to  the  comb. 
On  the  following  morning,  July  20,  this  bee  came 
to  the  honeycomb 


At  6.  5  A.M. 

At  6.10 

6.37  she  returned. 

6.42 

7.17 

99 

7.21 

7.41 

99 

7.47 

8.  8 

99 

8.12 

8.21 

99 

8.25 

8.32 

99 

8.54 

9.  4 

99 

P.  9 

9.45 

99 

9.51 

10.  4 

99 

10.10 

10.19 

99 

10.26 

10.40 

99 

10.47 

10.59 

99 

11.  4 

11.14 

99 

11.19 

11.44 

99 

11.52 

11.59 

99 

12.  6 

12.15 

99 

12.23 

12.29 

99 

. 

12.35 

12.41 

99  < 

[was  dis- 

turbed) 

12.52 

1.  2 

99 

1.  9 

1.16 

99 

1.30 

1.46 

99 

1.55 

99 
99 

99 
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I  then  left  off  observing ;  but  during  the  whole  of  this 
time  no  other  bee  had  come  to  the  comb. 

October  9. — I  took  a  bee  (No.  11)  out  of  the  hive 
and  put  her  to  some  honey :  she  returned  and  kept  on 
visiting  it  regularly. 

October  10. — This  bee  came  to  the  honey  at 
7.30  A.M.,  and  went  on  visiting  it ;  but  I  was  not  able 
to  watch  her  continuously.  During  these  two  days  no 
other  bee  came  to  this  honey. 

October  11. — No.  11  came  to  the  honey 

At  7.12  A.M.,  but  did  not  alight. 

7.18  she  returned.      At  7.21  went  back  to  hive. 

7.27 

7.38  „ 

7.51 

8.  2  „ 
8.15 

8.30  „ 

8.41 
8.55  „ 

9.  6 

9.20  „ 

9.45 
9.55  „ 

10.  7 

10.19  „ 

10.30  a  strange  bee  came ;  I  killed  her. 

10.35  she  returned.  At  10.40  went  back  to  hive. 

10.55            „  10.59               „ 

11.  4            „  11.  8 
11.26            „  11.30               „ 
11.35            „  11.38               „ 

Another  strange  bee  came. 

At  11.52  she  returned.     At  11.55  went. 

12.  7  „  12.12      „ 


7.31 

99 

7.44 

99 

7.56 

99 

8.  8 

9J 

8.22 

99 

8.35 

9> 

8.46 

99 

8.59 

99 

9.11 

99 

9.25 

99 

9.50 

99 

10.  1 

99 

10.11 

99 

10.23 

99 
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12.17  she  returned. 

12.22  went. 

12.31 

99 

12.36      , 

12.58 

99 

1.  2      , 

1.  8 

>J 

1.12      , 

1.19 

5> 

1.23      , 

1.30 

J5 

1.34      , 

1.45 

99 

1.48      , 

2.  2 

99 

2.  6      , 

2.15 

99 

2.18      , 

2.29 

99 

2.35      , 

2.45 

99 

2.47      , 

2.50 

99 

2.52      , 

2.57 

99 

3.  0      , 

after  which  she  did  not  come  any  more  that  day 

It 

was,  however,  a  bad  day. 

and  after 

1  o'clock  she 

)  was 

almost  the  < 

only  bee  which 

came  out  of  the  hive. 

The 

following  morning  she  came  to  the  honey  at  7.58 

A.M., 

but  did  not 

alight,  behaving  just  as 

she  had  done  the 

day  before. 

At  8.  6  A.M 

.  No.  11  returned  to  hone 

7.    At  8.  9  went. 

8.14 

99 

99 

8.20 

99 

8.30 

99 

99 

8.34 

99 

8.42 

99 

99 

8.46 

9 

8.54 

99 

99 

8.59 

99 

9.  9 

99 

99 

9.14 

99 

9.19 

99 

99 

9.24 

99 

9.29 

99 

99 

9.33 

99 

9.37 

99 

99 

9.44 

99 

9.54 

99 

„          but  was  disturbed. 

A  strange  bee  eame.  At  9.59  No.  1 1  we 

mi. 

At  10.  5  she  retmned  to  the  honey. 

At  10.  8  went. 

10.12 

99 

99 

10.13 

10.16 

99 

99 

10.20 

10.26 

99 

99 

10.28 

10.33 

99 

99 

10.36 

10.40 

99 

99 

10.46 
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10.55  a  strange  bee  came.  No.  11  returned  to  the 
honey  regularly,  and  went  on  coming. 

October  13. — At  6.28  a.m.  she  came,  but,  as  before, 
flew  away  again  without  alighting. 


At  6.32  she 

came 

to  the  honey. 

At  6.36  went  away. 

6.42 

3> 

6.46 

99 

6.51 

5> 

6.56 

5> 

7.10 

» 

7.14 

M 

7.26 

n 

7.34 

» 

7.46 

n 

7.50 

?? 

7.55 

» 

8.  0 

?> 

8.12 

>j 

8.15 

?> 

8.20 

»» 

8.26 

» 

8.30 

5J 

8.33 

?> 

8.37 

5> 

>» 

8.44 

?? 

8.50 

n 

» 

8.56 

?> 

and  so  on. 

Oc^o66rl4. — She  came  for  the  first  time  at  8.15  a.m., 
and  went  on  visiting  the  honey  at  the  usual  intervals. 
After  this  day  1  saw  her  no  more ;  she  had  probably 
met  with  some  accident.  But  these  facts  show  that 
some  bees,  at  any  rate,  do  not  communicate  with  their 
sisters,  even  if  they  find  an  untenanted  comb  full  of 
honey,  which  to  them  would  be  a  perfect  Eldorado. 
This  is  the  more  remarkable  because  these  bees  began 
to  work  in  the  morning  before  the  rest,  and  continued 
to  do  so  even  in  weather  which  drove  all  the  others 
into  the  shelter  of  the  hive.  That  the  few  strange 
bees  which  I  have  recorded  should  have  found  the 
honey  is  natural  enough,  because  there  were  a  good 
many  bees  about  in  the  room.  My  room,  I  may  add, 
is  on  the  first  floor ;  if  it  had  been  on  the  level  of  the 
ground  I  believe  that  many  more  bees  would  have  found 
their  way  to  the  honey. 

I  will  now  proceed  to  the  similar  observations  made 
with  wasps. 
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The  first  one,  I  believe  a  worker  of  Vesfpa  Germanicaj 
I  marked  and  put  to  some  honey  on  September  18. 

The  next  morning  she  came  for  the  first  time 
at  7.25,  and  fed  till  7.28,  when  she  began  flying 
about  the  room,  and  even  into  the  next ;  so  I  thought 
it  well  to  put  her  out  of  the  window,  and  she  then  flew 
straight  away  to  her  nest.  My  room,  as  already 
mentioned,  had  windows  on  two  sides ;  and  the  nest 
was  in  the  direction  of  a  closed  window,  so  that  the 
wasp  had  to  go  out  of  her  way  in  passing  out  through 
the  open  one. 

'  At  7.45  she  came  back,  I  had  moved  the  glass 
containing  the  honey  about  two  yards ;  and  though  it 
stood  conspicuously,  the  wasp  seemed  to  have  much 
diflSculty  in  finding  it.  Again  she  flew  to  the  window 
in  the  direction  of  her  nest,  and  I  had  as  before  to 
show  her  the  way  out,  which  I  did  at  8.2. 

At  8.15  she  returned  to  the  honey  almost  straight. 
At  8.21  she  flew  again  to  the  closed  window,  and 
apparently  could  not  find  her  way,  so  at  8.35  I  put 
her  out  again.  It  seems  obvious  from  this  that  wasps 
have  a  sense  of  direction,  and  do  not  find  their  way 
merely  by  sight. 

At  8.50  back  to  honey,  and  8.54  again  to  wrong 
window ;  but  finding  it  closed,  she  took  two  or  three 
turns  round  the  room,  and  then  flew  out  through  the 
open  window. 

At  9.24  back  to  the  honey,  and  9.27  away,  first, 
however,  paying  a  visit  to  the  wrong  window,  but  with- 
out alighting. 

At  9.36  back  to  honey  ;*  9.39  away,  but>  as  before,  going 
first  to  wrong  window.     She  was  away,  there- 
fore, 9  minutes. 
9.50  back  to  honey ;  9.53  away.^  Interval  11  minutes. 
10.  0     „  „       10.  7     „  „       11        „ 

>  This  time  straight. 
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10.19  ba<jk 

10.35 

10.47 

11.  4 
11.21 
11.34 
11.49 

12.  3 
12.13 
12.25 
12.39 
12.54 

1.15 
1.27 


to  honey;  10.22 away.  Interval  12 minutes- 


55 
55 
55 
55 


55 
55 
55 


10.39 
10.50 

11.  7 
11.24 
11.37 
11.52 

12.  5 
12.15i 
12.28 
12.43 
12.57 

1.19 
1.30 


55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 


13 
9 

14 
14 
10 
11 
11 
8 
10 
11 
11 
18 
8 


55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55  * 


Here  for  the  first  time  another  specimen  came  to 
the  honey. 


At 


1.37  baxjk 

1.46 

1.54 

2.  5 
2.15 
2.27' 
2.39 
2.50 

3.  2 
3.14 
3.26 
3.38 
3.50 

4.  7 
4.20 
4.32 


to  honey ;   1.39  away. 
1.49 


55 
55 
55 


55 
55 
55 
55 


1.58 

2.  7 
2.19 
2.32 
2.42 
2.54 

3.  6 
3.17 
3.29 
3.42 
3.58 
4.12 
4.23 
4.36 


55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
>5 
55 
55 


55 
55 
55 
55 
55 
55 


Interval  7  minutes 
5 
7 
8 
8 
7 
8 
8 
8 
9 
9 
8 
9 
8 
9 


55 
55 
55 
55 
55 
55 
55 


55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55* 
55 
55 


^  Was  rather  disturbed,  as  I  tried  to  mark  her. 

*  She  very  often,  however,  throughout  the  day,  in  going  away, 
flew  to  the  otiier  window  first,  and  then,  without  alighting,  returned 
to  and  went  through  the  open  one. 
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5.  0 

99 

5.13 

)J 

5.26 

9> 

5.40 

>J 

5.54 

3) 

6.  7 

5> 

6.20 

9» 

5J 

X  JL      ,, 

J> 

10   „ 

J? 

9   » 

» 

10   „ 

5> 

10   „ 

J9 

8   „ 

5? 

9   » 

4.46  back  to  honey ;  4.49  away.  Interval  10  minutes. 

5.  3  „ 

5.17  „ 

5.30  „ 

5.44  „ 

5.59  „ 

6.11  „ 

6.25  „ 

She  did  not  come  any  more  that  day ;  but,  as  will 
be  seen,  she  had  made  forty-five  visits  to  the  honey  in 
eleven  hours.  During  the  whole  of  this  time  no 
strange  wasp,  except  the  one  above  mentioned,  came  to 
this  honey. 

The  following  day,  September  20,  this  wasp  made 
her  appearance  in  my  room  at  6.55,  when  she  flew 
straight  to  the  honey. 


At  6.55  came 

7.  8 
7.18 
7.30 
7.41 
7.53 

8.  4 
8.15 
8.27 
8.38 
8.50 

9.  1 
9.12 
9.22 
9.34 
9.46 

10.  1 
10.13 
10.28 
10.38 


to  honey ;  6.59  went 
7.10 


?5 
99 

>? 
?> 

99 


7.22 
7.32 
7.45 
7.56 

8.  7 
8.18 
8.30 
8.41 
8.53 

9.  4 
9.15 
9.25 
9.36 
9.51 

10.  3 
10.18 
10.30 
10.42 
E  E 


Absent  9  minutes. 


?> 

>? 
99 

99 

?> 
>? 

J? 


8 

8 

9 

8 

8 

8 

9 

8 

9 

8 

8 

7 

9 

10 

10 

10 

10 

8 


5J 
99 
>? 

55 
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10.53  came  to  honey;  10.56  away.  Absent  11  minutes. 
11.  7  „  11.11  „       „     11 

11.21  „  11.25  „       „     10 

11.32  „  11.36  „       „       7 


9> 


The  wa^  which  came  once  yesterday  returned  and 
rather  disturbed  the  first. 


At  11.49  came  to  honey;  11 .50  away. 
11.57  „  12.  0     „ 

12.  8  „  12.11     „ 


Absent  13  minutes, 
jj       7         ,9 
y9        8  „ 


Here  I  was  away  for  about  two  hours. 

2.42  came  to  honey ;  2.46  away. 

2.58  „  3.. 2     „    Interval  12  minutes 

O.ID  ^5  O.l  f         ^y  ^j  lo 

3.25  „  3.28     „  „         8 


>5 


Here  I  was  called  away. 
4.25  came  to  honey ;  4.28 


4.41 
5.15 
5.30 
5.45 
6.  2 
6.15 


4.45 
5,19 
5.35 
5.50 
6.  6 
6.17 


13 
30 
11 
10 
12 
9 


This  was  the  last  visit  that  day.  She  made,  there- 
fore, thirty-eight  visits  during  the  time  she  was'watched, 
which  was  not  quite  eight  hours.  She  was  at  work 
from  6.55  to  6.15;  and  assuming  that  she  was  occupied 
in  the  same  manner  during  the  three  hours  when  she 
was  not  watched  as  during  the  rest  of  the  time,  she 
would  have  made  over  fifty  visits  to  the  honey  during 
the  day. 

Wishing,  however,  to  have  a  complete  record  of  a 
day's  work,  I  watched  her  the  following  day  without 
intermission. 
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Sept&mi 

er  21. — 

I  began  watching  at  ten  minutes 

past  six. 

6.16  came 

to  honej 

^;  6.19  away. 

6.29 

99 

6.32     „ 

Interval  10  minutes. 

6.41 

99 

6.44     „ 

>9 

9 

59 

6.55 

99 

7.  0     „ 

99 

11 

99 

7.11 

99 

7.15     „ 

99 

11 

99 

7.23 

99 

7.26     „ 

99 

8 

99 

7.37 

J> 

7.42     „ 

99 

11 

99 

7.56 

99 

8.  3     „ 

99 

14 

99 

Was  disturbed 

f  and  seemed  rather  troubled. 

8.11  came 

to  honej 

;  8.14  away. 

Interval  8  minutes. 

8.20 

»  . 

8.24     „ 

99 

6 

99 

8.31 

99 

8.34     „ 

99 

7 

99 

8.40 

J9 

8.42     „ 

99 

6 

59 

8.50 

99 

8.52     „ 

>9 

8 

55 

8.58 

» 

9.  0     „ 

99 

6 

59 

9.  8 

99 

9.11     „ 

99 

8 

99 

9.18 

99 

9.22     „ 

99 

7 

99 

9.30 

99 

9.32     „ 

99 

8 

99 

9.39 

99 

9.40     „ 

99 

7 

99 

9.50 

99 

9.54     „ 

99 

10 

99 

10.  1 

99 

10.  5     „ 

99 

7 

99 

10.14 

99 

10.17     „ 

99 

9 

99 

10.25 

99 

10.28     „ 

99 

8 

99 

10.37 

99 

10.40     „ 

99 

9 

99 

10.47 

99 

10.51     „ 

99 

7 

99 

11.  0 

99 

11.  6     „ 

99 

9 

99 

11.17 

99* 

11.20     „ 

99 

11 

99 

11.34 

99 

11.37     „ 

99 

14 

99 

11.50 

99 

11.53     „ 

99 

13 

99 
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1.26  came  to  honey ;  1.28  away.    Interval  15  minutes. 


1.40  „  1.42 

1.57  „  ,2.  2 

2.10  „  2.13 

2.25  „  2.30 

2.45  „  2.56 


12 
15 
8 
12 
15 


She  buzzed  about  at  the  other  window  for  a  few 
minutes,  which  made  the  interval  longer  than 
usual. 

3.13  came  to  honey ;  3.18  away.   Interval  17  minutes. 

3.29  „ 

3.41 

3.49  „ 

4.  2 
4.19 

4.29  „ 

4.40 
4.51 

5.  4 
5.16  „ 

5.45 

It  will  be  seen  that  the  intervals  of  her  absence 
were  remarkably  regular.  On  one  occasion,  indeed, 
she  was  only  away  four  minutes ;  but  this  time  I  think 
she  had  been  disturbed,  and  had  not  provided  herself 
with  a  regular  supply  of  food. 

The  number  of  visits  was  fifty-one  in  eleven  hours 
and  a  half.  I  tried  whether  she  would  be  in  any  way 
aflfected  by  a  dead  wasp,  so  I  put  one  on  the  honey ; 
but  she  took  no  notice  whatever. 

I  observed  with  other  wasps,  that  when  the  open 
window  was  not  the  shortest  way  to  their  nests,  they 
had  a  great  tendency  to  fly  to  that  which  was  in  the 
right  direction,  and  to  remain  buzzing  about  there. 


3.31 

99 
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3.45 
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During  the  whole  of  this  day  only  four  or  five 

strange  wasps  came  to  the  honey. 

As  regards  the  regularity  of  their  visits,  and  the 

time  occupied,  other  wasps  which  I  observed  agreed 

very  closely  with  this  one.     For  comparison,  it  may  be 

worth  while  to  give  one  or  two  other  cases.     I  will 

conmience  with  that  of  a  worker,  I  believe  F.  vtdgaris, 

observed  on  September  19. 

10  A.M.  I  put  her  to  the  honey ;  she  fed  and  then  flew 
about  the  room,  and  at  last  got  into  my  bee- 
hive. 

10.54.  She  came  in  again  at  the  window.  I  again  put 
her  to  the  honey.  She  again  flew  all  about 
the  room. 

11.41.  She  returned,  and  this  time  came  to  the 
honey;  but  when  she  had  fed  again  flew 
round  and  round  the  room,  and  did  not  seem 
able  to  find  her  way  out.  I  therefore  put  her 
out. 

12.11  she  returned,  and  the  same  thing  happened  again. 

12-28  {  Shon^^  ]    12.31  flew  straightaway. 

12.45  „ 

12.53  „  12.57         „ 

1.10 

1.26 

1.38 

1.50 

2.  3 
2.12 

2.20 
2.40 
2.51 

3.  1 
3.13 
3.25 
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Was  disturbed. 
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'•'«  {tX^]  }   3.»8{X}  I°'«™l'«^°'«- 


3.46            , 

,               3.50         , 

«        8 

3.58             , 

4.  1 

„        8 

4.10             , 

,               4.14         , 

«        9 

4.23             , 

4.25         , 

„        9 

4.34             , 

,               4.38         , 

„       9 

4.46             , 

,               4.50         , 

„       8 

4.58             , 

5.  4 

„        8 

5.14             , 

,  Was  disturbed  and  flew  about.  8 

She  did  not  return  any  more  that  evening,  but 
made  her  appearance  again  at  half-past  six  the  next 
morning. 

From  twelve  o'clock,  when  she  had  learnt  her  way,^ 
till  five,  she  made  twenty-five  visits  in  five  hours,  or 
about  five  an  hour,  as  in  the  previous  cases. 

It  struck  me  as  curious  that  on  the  following  day 
this  wasp  seemed  by  no  means  so  sure  of  her  way,  but 
over  and  over  again  went  to  the  closed  window. 

Again,  September  21,  at  11.50  I  fed  a  wasp. 


1.56  she  returned  to  honey ; 

11.57  flew  away. 
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3.30 
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?     she  returned  to  honey ; 

4.31  flew  away. 

4.37 
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4.41 

99 

4.46 
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4.48 

99 

4.57 
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6.  0 

J> 

5.  9           „ 
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6.12 

5> 

6.22 

» 

5.26 
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5.31           „ 

» 

5.36 

5> 
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She  made  therefore  twenty-three  journeys,  but  did 
not  bring  a  single  friend. 

The  last  case  of  which  I  will  give  particulars  is 
the  following: — On  September  10,  1875,  I  marked 
another  wasp,  also  a  worker,  of,  I  believe,  F.  vulgaris. 
On  the  11th  she  came  to  the  honey  for  the  first  time, 

returning  at  7.25,  and  left  at  7.27 


„          7.34          „ 

7.37 

7.41 

7.44 

„         7.4y        „ 

7.51 

7.66 

7.58 

„           8.  3          „ 

8.  6 

»           8.13          „ 

8.16 

8.20 

8.23 

»           8.30          „ 

8.32 

„          8.37      '    „ 

8.40 

8.46 

8.51 

She  was  disturbed. 

Betuming  at  9.  4,  she  left  at  9.  6 

„          9.  9          „ 

9.10 

„          9.15          „ 

9.16 

She  was  disturbed. 

Returning  at  9.30,  she  left  at  9.32 

»           9.60          „ 

9.54 

She  was  disturbed. 

Setuming  at  10.  0,  she  left  at  10.  2 

„        10.10 

10.13 

«         10.20 

10.23 

Digitized  by 

Google 


424 


,  DAY'S  WOKC 

10.26  sheleft  at  10.28 

10.33 
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Eetuming  at  2.33  she  left  at  2.35 
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This  was  her  last  visit  for  the  evesning,  making  no  less 
than  ninety-four  visits  in  the  day,  during  which  time 
only  two  other  wasps  found  the  honey,  though  it  was 
lying  exposed  on  a  table  at  an  open  window.  It  will 
be  seen  that  she  worked  with  the  utmost  industry  and 
regularity.  The  following  morning  she  came  at  6.18 
and  made  twenty  visits  up  to  8.18,  after  which  I  did 
not  record  them.     During  this  time  no  stranger  came. 

No  doubt,  however,  if  a  wasp  is  put  to  honey  in  an 
exposed  place,  other  wasps  gradually  find  their  way  to 
it.  In  the  preceding  experiments  some  few,  though 
but  few,  did  so.  I  then  thought  I  would  try  a  simi- 
lar experiment  with  concealed  honey.  Accordingly, 
on  September,  20  I  marked  a  wasp  and  put  her 
to  some  honey,  which  she  visited  assiduously.  The 
following  morning  I  opened  my  window  at  6,  and  she 
made  her  first  visit  at  6.27,  the  temperature  being  61** 
Fahr.  I  then  placed  the  honey  in  a  box  commimi- 
cating  with  the  outside  by  an  india-rubber  tube  6 
inches  long  and  J  inch  in  diameter.  The  wasp,  how- 
ever, soon  got  accustomed  to  it,  and  went  in  and  out 
without  much  loss  of  time.  The  22nd  was  finer ;  and 
when  I  opened  my  window  at  6  in  the  morning,  she 
was  already  waiting  outside,  the  temperature  being  61®. 
The  23rd  was  rather  colder,  and  she  came  first  at  6.20, 
the  temperature  being  again  61°. 

I  was  not  at  home  during  these  days ;  but,  as  far 
as  I  could  judge  iBrom  watching  in  the  mornings  and 
evenings,  no  other  wasp  found  the  honey.  On  the 
24th  I  had  a  holiday  and  timed  her  as  follows.  It  was 
rather  colder  than  the  preceding  days,  and  she  did  not 
come  till  6.40,  when  the  temperature  was  58°  She 
returned  as  follows  : — 


6.49 
6.58 
7.12 
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7.50 
8.  0 
8.  9 
8.19 
8.26 
8.35 


8.45 
8.52 
9.  2 
9.12 
9.45 


I  had  almost  closed  the  wmdow,  so  that  she  had  a 
difficulty  in  finding  her  way. 


9.58 
10.10 


10.32 
10.51 


The  temperature  was  still  only  60**,  and  it  was  rain- 
ing, scarcely  any  other  wasps  about. 

11.  1 
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11.21 

11.29 

11.40 

11.46 

11.56 

12.  6 
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2.59 
3.  8 
3.14 
3.23 
3.32 
3.40 
3.48 
3.57 
4.12 
4.20 
4.29 
4.39 
4.47 
4.58 
5.  6 
5.17 
5.28 
5.35 
5.42 
5.52 


This  was  her  last  visit.     During  the  whole  day  no 
other  wasp  found  the  honey.     I  also  tried  other  wasps. 
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concealing  the  honey  in  the  same  manner,  and  with  a 
similar  result. 

I  have  no  doubt  some  wasps  would  make  even  more 
journeys  in  a  day  than  those  recorded  above. 

The  following  are  descriptions  of  some  new  species 
referred  to  in  the  preceding  pages.  The  first  is  the 
Australian  honey  ant. 

Camponotus  inflatus,  n.  sp.^  Operaria. — Long. 
15  mill.  Nigra,  tarsis  pallidioribus ;  subtUiter  cori- 
acea,  setis  cinereo-testaceis  sparsis  ;  antennis  tibiisque 
hand  pilosis ;  tarsis  infira  hirsutis ;  mandibulis  punctatis, 
hirsutis,  sexdentatis;  clypeo  non  carinato,  antice  in- 
tegro ;  petioli  squama  modice  incrassata,  antice  con- 
vexa,  postice  plana  emarginata.     Hah.  Australian. 

The  colour  is  black,  the  feet  being  somewhat  paler. 
The  body  is  sparsely  covered  with  stiflF  cinereo-testa- 
ceous  hairs,  especially  on  the  lower  and  anterior  part 
of  the  head,  the  mandibles,  and  the  posterior  edge  of 
the  thorax.    The  head  and  thorax  are  finely  coriaceous. 

The  antennae  are  of  moderate  length,  twelve- 
jointed;  the  scape  about  one-third  as  long  as  the 
terminal  portion,  and  somewhat  bent.  At  the  apex  of 
the  scape  are  a  few  short  spines,  bifurcated  at  the 
point.  At  the  ap^x  of  each  of  the  succeeding  segments 
are  a  few  much  less  conspicuous  spines,  which  decrease 
in  size  from  the  basal  segments  outwards.  The  antenna 
is  also  thickly  clothed  with  short  hairs,  and  especially 
towards  the  apex  with  leaf-shaped  sense-hairs.  The 
clypeus  is  rounded,  with  a  slightly  developed  median 
lobe  and  a  row  of  stiff  hairs  round  the  anterior  border ; 
it  is  not  carinated. 

The  mandibles  have  six  teeth,  those  on  one  side 
being  rather  more  developed  and  more  pointed  than 

1  In  the  Linnacm  Jav/m,  v.     I  have  given  figures  of  this  species. 
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those  on  the  other.  They  decrease  pretty  regularly 
from  the  ontside  inwards. 

The  maxillae  are  formed  on  the  usual  type.  The 
maxillary  palpi  are  six-jointed,  the  third  segment  being 
but  slightly  longer  than  the  second,  fourth,  or  fifth ; 
while  in  Myrmecocyatus  the  third  and  fourth  are 
greatly  elongated.  The  segments  of  the  palpi  have  on 
the  inner  side  a  number  of  curious  curved  blunt  hairs 
besides  the  usual  shorter  ones. 

The  labial  palpi  are  foiu>jointed.  The  eyes  are 
elliptical  and  of  moderate  size.  The  ocelli  are  not 
developed. 

The  thorax  is  arched,  broadest  in  front,  without  any 
marked  incision  between  the  meso-  and  meta-notmn ; 
the  mesonotiun  itself  is,  when  seen  from  above,  very 
broadly  oval,  almost  circular,  rather  broader  in  front 
and  somewhat  flattened  behind.  The  legs  are  of 
moderate  length,  the  hinder  ones  somewhat  the 
longest.  The  scale  or  knot  is  heart-shaped,  flat 
behind,  slightly  arched  in  front,  and  with  a  few  stiff, 
slightly  diverging  hairs  at  the  upper  angles.  The 
length  is  about  two-thirds  of  an  inch. 

The  following  refers  to  a  new  species  of  mite  which 
I  have  found  in  nests  of  Lasius  flavuSy  and  of  which 
Mr.  Michael  has  been  good  enough  to  draw  up  the 
following  description. 

Uropoda  formicarl£,  sp.  nov. 

This  species,  although  it  falls  strictly  within  the 
genus  Uropoda^  and  not  within  Kramer's  genus 
TrcLchynotus  as  defined  by  that  writer,  still  in  most 
respects,  except  the  very  distinctions  upon  which  the 
genus  is  founded,  resembles  Trachynotua  pyriformis 
(Kramer)  more  closely  than  it  does  any  other  recorded 
species.  It  is,  however,  decidedly  different,  and  is 
characterised  by  the  squareness  of  its  abdomen,  the 
thickness  and  roughness  of  its  chitinous  dermal  skele- 
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ton,  and  especially  by  the  powerfol  chitinous  ridges  or 
wing-Kke  expansions  on  the  lateral  surface  between  the 
second  and  third  pair  of  legs* 

Length,  $  and  $  ,  about  -95  millim. 
Breadth         „         „       '55       „ 

The  abdomen  is  almost  square,  but  somewhat  longer 
than  broad,  and  slightly  narrowed  at  its  junction  with 
the  cephalothorax,  from  which  it  is  not  plainly  dis- 
tinguished. The  extreme  edge  is  a  strong  chitinous 
ridge  bordered  with  a  thick  fringe  of  short,  stout, 
curved  hairs,  as  in  T.  pyriformis.  The  dorsal  surface 
of  the  cephalothorax  is  also  narrowed  towards  the  front, 
and  has  a  curved  anterior  margin  bent  down  so  as  to 
protect  the  mouth,  as  in  that  species ;  it  bears  a  few 
of  the  same  kind  of  hairs  as  the  abdomen,  and  has  a 
chitinous  thickening  at  each  side.  The  abdomen  rises 
almost  perpendicularly  from  the  marginal  ridge.  There 
is  a  central  depression  occupying  the  posterior  half,  or 
rather  more  than  half  of  the  abdomen;  and  at  the  bottom 
of  this  depression  are  transverse  ridges,  the  hinder  ones 
nearly  straight,  and  the  anterior  ones  bent  in  the 
middle,  the  central  point  being  forward ;  at  the  sides  of, 
but  not  in,  this  depression,  are  two  chitinous  blocks 
which  seem  to  form  a  starting-point  for  the  ridges. 
Anterior  to  this  depression  the  central  portion  of  the 
creature,  i.e.  its  longitudinal  dorsal  axis,  is  higher  in 
level  than  in  parts  nearer  the  margin,  and  forms  an 
irregular  triangle  of  rough  chitine.  A  broad  chitinous 
plate  or  ridge  projects  on  each  side  above  the  second 
leg,  and  between  that  and  the  third,  evidently  for  their 
protection;  it  is  probably  flexible  at  the  will  of  the 
creature,  as  in  the  genus  Oribatea. 

The  sternal  surface  has  strongly  marked  depressions 
for  the  reception  of  the  legs.  Tlie  coxse  of  the  first 
pair  of  legs  are  largely  developed,  flattened,  almost 
touch  in  the  median  line,  and  nearly  conceal  the  mouth. 
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as  in  the  typical  Uropodas.  The  genital  opening  of 
the  male  is  rather  large,  round,  and  placed  centrally 
between  the  coxae  of  the  second  pair  of  legs.  The 
female  appears  only  to  be  distinguished  from  the  male 
by  being  more  strongly  chitinised,  and  by  the  con- 
spicuous valval  plate  which  occupies  the  whole  space 
between  the  coxae  of  the  second  and  third  pairs  of  legs 
and  extends  beyond  both. 

The  nymph  is  less  square  in  the  abdomen  than  the 
adult,  and  the  border  of  hairs  is  absent ;  the  margin  is 
somewhat  undulated,  the  concave  undulations  being  so 
placed  as  to  give  free  action  to  the  legs  when  raised ; 
the  central  depression  of  the  abdomen  is  far  less 
marked  than  in  the  adult;  a  slight  ridge  runs  all 
round  the  dorsal  surface  a  little  within  the  margin; 
four  ridges,  two  anterior  and  two  posterior,  run  from 
the  circumscribing  ridge  to  a  raised  ellipse  in  the  centre ; 
there  are  not  any  plates  for  the  protection  of  the  legs, 
and  the  coxae  of  the  first  pair  are  not  flattened  as  in  the 
adult. 

This  mite  lives  in  the  nests  of  Formica  fiava. 


Description  of  a  New  Genus  and  Species  of  Phoriaas 
parasitic  on  Ants.  By  Gr.  H.  VERRALL,Esq.,  Memb. 
Entom.  Soc. 

Sir  John  Lubbock  has  kindly  forwarded  for  my  exa- 
mination and  determination  certain  specimens  of  dip- 
terous insects  said  to  have  been  found  parasitic  on  species 
of  ants,  which  latter  he  has  been  studying  with  care  as 
to  their  habits.  Having  given  considerable  attention  to 
the  family  Phoridae,  I  was  agreeably  surprised  to  find 
the  parasitic  specimens  to  be  forms  new  to  science. 
One  of  these  is  a  new  species  of  the  genus  Phora ;  the 
other  I  regard  as  possessing  characters  sui  generis^  and 
hence  define  it  under  the  generic  title  Platyphora^  at 
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the  same  time  bestowing  on  the  species  the  name  of 
the  discoverer,  who  worthily  pursues  entomological  re- 
searches, spite  of  many  pressing  public  engagements. 

The  subjoined  descriptions  embrace  the  diagnostic 
peculiarities  of  the  insects  in  question. 

Phora  formicardm,  n.  sp. — Nigro-cinerea,  fronte 
setosa,  caniculata ;  antennis  mediocribus,  cinereis ;  palpis 
magnis,  flavis ;  halteribus  flavidis ;  pedibus  totis  pallide 
flavis,  inermibus,  tibiis  intermediis  unicalcaratis,  posticis 
modice  dilatatis ;  alis  subhyalinis,  nervo  secundo  sim- 
plici,  nervulis  vix  undulatis.     Long,  vix  ^  lin. 

Frons  broad,  grey,  bristly,  two  large  bristles  being 
close  to  the  eye-margin ;  down  the  centre  is  a  deep 
impressed  channel,  which  at  its  lower  end  joins  a 
channel  above  the  antennae,  and  at  its  upper  end  a 
channel  round  the  raised  vertical  triangle  ;  the  space 
between  these  two  latter  channels  (comprising  the  true 
frons)  is  about  once  and  a  half  broader  than  deep ; 
on  the  vertical  triangle  are  two  bristles ;  the  third 
joint  of  the  antennae  is  moderately  large,  ovate,  grey ; 
the  arista  short,  somewhat  yellowish,  almost  naked ; 
the  palpi  conspicuous,  all  pale  yellow,  with  a  few  short 
black  bristles  at  the  tip ;  on  the  cheeks  are  some  short 
black  bristles. 

The  thorax  is  grey  or  brownish  grey,  broad,  not  much 
arched,  the  disk  being  nearly  flat,  and  on  the  hinder 
part  absolutely  concave  ;  on  the  disk  there  are  no  long 
bristles,  but  a  dense  clothing  of  rather  short  black 
bristles ;  along  the  side  of  the  thorax  between  the 
humeri,  the  base  of  the  wing,  and  the  scutellum  are 
•  some  long  black  bristles,  and  two  on  the  thorax  just 
before  the  scutellum;  on  each  side  of  the  scutellum 
are  two  long  bristles  ;  halteres  dirty  pale  yellow  ; 
abdomen  bare,  dull  black,  with  slightly  yellowish 
incisures;  ovipositor  polished  black,  long,  slightly 
incurved  and  grooved. 
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Legs  pale  yellow,  including  the  coxae,  clothed  with 
minute  black  bristles  ;  all  the  coxae  with  two  or  three 
black  bristles  at  the  tips,  the  legs  otherwise  bare 
excepting  the  spurs  ;  femora  flattened  and  widened, 
especially  the  hind  pair,  the  hind  tibiae  also  slightly 
flattened  and  widened  on  the  apical  half ;  middle  tibiae 
with  a  long  spur  inside  at  the  tip,  and  hind  tibiae  with 
a  small  one  inside  and  a  very  minute  one  outside ;  tarsi 
longer  than  the  tibiae,  joints  gradually  diminishing  in 
length. 

Wings  very  slightly  smoky,  broad;  second  thick 
vein  not  extending  half  the  length  of  the  wing,  thick- 
ened, but  not  forked  at  its .  tip ;  first  veinlet  with  a 
steady  curve;  second  very  slightly  curved  at  base, 
otherwise  straight;  third  very  slightly  undulated; 
fourth  hardly  visible  at  base,  evident  towards  tip,  very 
slightly  undulated ;  costa  bristly  up  to  end  of  second 
thick  vein. 

This  species  is  readily  distinguished  by  its  simple 
second  thick  vein,  channelled  from,  small  size,  and  by 
the  absence  of  bristles  on  the  tibiae. 

It  is  parasitic  on  Lasiua  niger. 


Platyphora,  n.  gen. 

Lata,  planx,  tota  absque  setis.  Frons  latissima. 
Thorax  transversus.  Abdomen  parvus.  Alarum  vena 
cubitalis  simplex,  subacostali  parallela;  venulae  undu- 
latae ;  costa  aid  basin  subciliata. 

Distinguished  from  all  the  existing  genera  of 
Phoridae  by  its  flat  and  broad  shape,  which  resembles 
that  of  the  small  species  of  Sphcerocera.  The  absence 
of  strong  bristles  on  the  frons,  thorax,  and  legs  also 
distinguishes  it  from  all  the  genera  except  Oymnophora^ 
which,  however,  is  of  the  usual  arched  PAoro-shape, 
and  has  the  cubital  vein  forked,  costa  bare,  &c. 
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Platyphora  LuBBOOKn. — Nigra,  nitida;  abdomine 
triangulari,  segmento  tertio  parvo;  femoribus  posticis 
basi  flavidis ;  alls  apice  latis,  flavido-hyalinis,  costa  ad 
basin  subciKata,  vena  cubitali  ad  medium  costae  extensa 
subcostali  parallela,  vennlis  undulatis.     Long.  |  Kn. 

Broad,  flat,  shining;  frons  very  broad,  the  eyes 
scarcely  occupying  each  one-sixth  the  width  of  the 
head;  it  is  moderately  shining,  gently  arched,  and 
pretty  densely  clothed  with  minute  bristles ;  the 
three  ocelli  visible  slightly  luteous  ;  antennae  with  the 
third  joint  rather  large,  somewhat  rounded ;  thorax 
broad,  flat,  rather  broader  than  the  head,  angles 
tolerably  rounded,  disk  shining  (in  appearance  sug- 
gesting a  small  8phcerocera\  beset  with  very  minute 
bristles,  which  become  rather  scarcer  towards  the 
hinder  part ;  scutellum  rather  dull,  margined,  nearly 
four  times  as  broad  as  long :  abdomen  black,  naarrower 
and  shorter  than  the  thorax  (again  suggestive  of 
Sphcerocera) ;  each  segment  after  the  second  success- 
ively narrower,  the  last  one  being  almost  trian- 
gular; the  third  segment  is  very  short,  contracted 
under  the  second ;  the  hind  margins  form  a  curved 
convex  towards  the  thorax,  the  first  segment  being 
slightly  emarginate  in  the  middle ;  the  sixth  (last)  is 
much  the  longest..  Legs  stoutish,  l3lackish,  basal  two- 
thirds  of  hind  femora  yellowish;  middle  tibiae  with 
two  small  spines  at  the  tip.  Wings  considerably  over- 
lapping the  abdomen,  yellowish  hyaline,  darker  about 
the  basal  half  of  the  costa,  blunt  at  the  tip,  cubital 
vein  extending  about  half  the  length  of  the  wing,  and 
the  costa  slightly  ciliate  up  to  its  end,  subcostal  vein 
running  parallel  to  it  and  ending  just  before  it ;  both 
veins  a  little  thickened  at  their  ends ;  first  veinlet 
curved  S-like,  considerably  at  its  base,  slightly  at  its 
end,  vanishing  distinctly  before  the  tip  of  the  wing ; 
second  veinlet  also  S-like,  diverging  at  its  end  from 
the  first,  and  ending  distinctly  below  the  tip  of  the 
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wing;  third  veinlet  slightly  undulated,  ending  very 
wide  from  the  second ;  fourth  faint,  not  reaching  the 
end  of  the  wing. 

This  description  having  been  made  from  a  specimen 
gummed  down  on  card,  though  in  very  good  condi- 
tion, I  am  unable  to  decide  on  the  sex,  or  to  examine 
the  face,  palpi,  base  of  antennae,  or  coxae. 
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ABDOMEN  of  ant  described,  10, 
13;  of  the  Mexican  honey- 
ant,  19,  47 

Acacia  with  hollow  thorns  in- 
habited by  ante,  57 

AfEection  less  powerful  than 
hatred  among  ants,  106 ;  absence 
of,  among  bees,  286 

Agricultural  ants,  61,  92 

Aldrovandus  quoted  as  to  ants,  61 

Amazon  ants,  see  Polyergus  ru- 
fescens 

Amber,  an  intermediate  form  of 
ant  preserved  in,  68 

Analogies  between  ant  societies 
and  human,  91 

Andr6  quoted  as  to  PlatyaHhrtiS, 
75 ;  as  to  the  slaves  of  F.  san- 
gmnea,  80 

Anergates,  85  ;  no  workers  among 
them,  86 ;  degraded  condition 
of,  89 

Animal  food,  queens  hatched  in 
an  artificial  nest  supplied  with, 
40 

AngrcBcvm.  sesquipeddle,  length  of 

•    flowers  of,  62 

Aruynim^i  arcens,  the  Driver  ant, 
described,  20,  63;  their  blind- 
ness, 65 

Ants,  three  families  of,  1 ;  four 
periods  of  life  in,  6 ;  duration  of 
life  among,  8,  38,  40  ;  structure 


APH 

of,  10  ;  different  classes  of  indi- 
viduals among,  18 ;  communities 
of,  24 ;  games  of,  28 ;  their  rela- 
tion to  plants,  50 ;  often  insecti- 
vorous, 59  ;  their  relations  to 
other  animals  generally  hostile, 
63 ;  their  enemies,  26, 67  ;  their 
domestic  animals,  67-78 ;  pro- 
gress among,  90;  their  beha- 
viour towards  each  other,  94, 
&c. ;  mental  powers  of,  181 ; 
their  sense  of  vision,  11,  182- 
220,  258;  of  smeU,  127,  238, 
258  ;  of  hearing,  221,  226 ;  stri- 
dulating  apparatus  among,  230 ; 
their  intelligence,  236 

*  Ant  eggs,' 7 

*  Ant-rice,' 61 

Antenna  of  ant  described,  10; 
sense  organ  in  terminal  portion 
of,  illustrated,  227 

Antennae  as  means  of  communica- 
tion among  ants,  153 ;  as  organs 
of  hearing,  221,  226 ;  of  smell, 
94,  234 

Antirrhinum  fertilised  by  humble 
bees,  54 

Aphides  made  use  of  by  ants,  25, 
67  ;  different  species  of,  utilised 
by  different  ants,  68 ;  their 
honey,  69 ;  their  eggs  tended  by 
ants,  70 ;  not  domesticated  by 
F.fima.^l 
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Arutida  oliganthay  *  ant-rice,'  61 
Artificial  nests  for  ants,  3,  164 
Atetwhus  jnlularius,  anecdote  of, 

164 
Atrophy  of  the  imaginal  discs  of 
the  ant- workers,  12;  of  the 
sting  in  If^yrmica,  16;  of  the 
eyes  of  Platyarthrus  and  Beckia, 
76 
Atta  barbaray  the  eye  in,  11 ; 
variety  of  workers  among,  19 

—  gtructoTt  its  treatment  of  col- 
lected grain,  61 

-  -  ^^«fa^^-^2t7M(,  experiment  with, 

as  to  power  of  commonication, 
177 
Attachment  among  ants,  94 
Auditory  organs,  stractnres  in  ant- 
antennae  probably  serve  as,  226 
Australian  honey    ant,    49 ;    de- 
scribed, 428 


BATES,  Mr.,  quoted  as  to  the 
five  kinds  of  workers  in 
Saiiba,  22 ;  as  to  ant-play,  29 ; 
as  to  the  use  made  by  ants  of 
leaves,  67 ;  as  to  the  armies  of 
Eciton,  66;  as  to  leaf -cutting 
by  Saiiba,  237 
Batrisus,  rarely  more  than  one 
specimen  of,  found  in  an  ants' 
nest,  78 
BecMtty  one  of  the  ant-guests,  74 
Bees,  occasional  fertility  of 
workers  among,  36;  means  of 
recognition  among,  126 ;  their 
sense  of  hearing,  221,  290 ;  ob- 
servations with,  274;  difficulty 
in  finding  their  way,  278  ;  their 
behaviour  in  a  strange  hive,  281; 
their  recklessness,  286;  their 
want  of  mutual  affection,  286 ; 
their  influence  on  the  develop- 
ment of  flowers,  61,  291 ;  their 
colour  sense,  291 ;  their  prefer- 
ence for  blue,  294-310  ;  experi- 
ments on  communication  among 
them,  276,  401 


CAR 

Beetles  kept  in  ants'  nests,  74,  76, 
90 

Belt,  Mr.  Thomas,  quoted  as  to 
floral  defences  against  ants,  61 ; 
as  to  defence  against  leaf-cut- 
ting ants,  67 ;  on  the  raids  of 
Eciton,  66;  on  an  ant-like 
spider,  66 

Bert,  Prof.  Paul,  as  to  the  limits 
of  vision,  219 

Bichromate  of  potash,  experiments 
with,  211 

Bisulphide  of  carbon,  experiments 
witii,  208 ; 

Blanchard,  M.,  quoted  as  to  the 
orig^  of  nests,  80 

Blindness  of  Anomma  and  JSeiton, 
66 ;  of  PlatyaHhrus  and  Beckia, 
76 

Blue,  the  favourite  colour  of  bees, 
294,  304,  310 ;  flowers,  their  late 
origin,  308 

Bonnet,  M.,  on  aphis  eggs,  70 

Bonnier,  M.,  on  Indifference  to 
colour  among  bees,  302 

BatliHomyrmex  tneridionalis,  the 
eye  in,  11 

Brazil,  blind  hunting  ants  of,  66  ; 
use  made  by  the  Vidians  in,  of 
the  tenacity  of  an  ant-bite,  96 

BuchUe  dactyhides,  seed  of,  col- 
lected by  ants,  61 

Biichner,  Dr.,  as  to  Texan  harvest- 
ing ants,  62 

Burmeister,  on  the  power  of  recog- 
nition among  insects,  126 

Butterfly,  ants  seen  licking  the 
larva  of,  68 


riAMP0N0TU8   mflatus,    de- 
^    scribed,  428 
—   ligniperdui^  the  eye   in,  11 ; 

conmiunication  among  168 
Captivity,  mode  of  keeping  ants 

in,  2,  3  ;  a  wasp  in,  316 
Caterpillars  killed  by  ants,  69,  66 
Ca/ryophyllacecBf     correlation     of 

form  and  colour  in,  309 
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Chenmvmy  rarely  more  than  one 
specimen  of,  in  an  ants'  nest,  78 

Christ,  M.,  on  the  length  of  life  of 
qneen  ants,  9 ;  on  ant  roads,  26 

Chrome  alum,  experiments  as  to 
ant  vision  with,  217 

Chromium  chloride,  experiments 
with,  217 

ClaparMe,  M,  as  to  insect-vision, 
183 

Clark,  Eev.  Hamlet,  as  to  an  ant- 
tunnel  in  S.  America,  26 

Claviffer,  a  blind  beetle,  a  guest 
in  ants*  nests,  75,  76;  experi- 
ments with,  by  M.  Lesp^,  90 

Cleanliness  of  ants,  29 

CocoidcBy  their  use  to  ants,  68 

Cocoons  spun  by  some  larvss  of 
ants,  7 

Colobopsis  trtincata  and  Cfimpes, 
two  forms  of  the  same  species, 
20 

Colour-sense  of  ants,  186,  &c. ;  of 
bees,  291,  &c. ;  of  wasps,  316; 
less  developed  among  wasps 
than  bees,  321 

Colours  of  flowers,  evolution  of, 
808 

Communication,  power  of,  among 
ants,  153,  &c. ;  among  bees, 
156;  experiments  as  to,  with 
ants,  160,  344,  376;  with  bees, 
276,  401 ;  with  wasps,  311,  416 

Communities  of  ants,  24  ;  power 
of  mutual  recognition  among 
members  of,  119,  333 

Compassion  among  ants,  instances 
of,  106,  108 ;  absence  of,  among 
bees,  286 

Co-operation,  experiments  as  to, 
among  ants,  365-376 

Correlation  of  form  of  knot  with 
stinging  power  in  ants,  13 ;  of 
colour  in  flowers  with  specialisa- 
tion of  form,  308 

Courage  of  ants,  27;  of  wasps, 
314 

Orematogaster  Imeolata,  adoption 
of  a  queen  by,  34 
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Orematogagter  scvtellaris,  their 
neglect  of  friends  in  trouble, 
98;  experiments  as  to  percep- 
tion of  colour  among,  192 

—  sordidula,  threatening  attitude 
of,  16 

Cross-fertilisation  effected  by  in- 
sects, 50 


"TXAPHNIAy  limits  of  vision  in, 
-^    219 

Darkness,  education  of  young 
ants  conducted  in,  5  ;  effect  of, 
on  the  eyes  of  Platycurthrm  and 
BeoTda,  75 

Darwin,  on  the  sound  produced 
by  MtBbilla,  229 

—  Francis,  on  the  use  of  the  leaf- 
cups  of  teazle,  52 

Dead,  treatment  of  the,  among 
bees,  287 

Defences  of  flowers  against  un- 
bidden guests,  52-7 

Degradation  of  Strongylognathng, 
85 ;  caused  by  slaveholding,  89 

Dewitz,  Dr.,  on  the  non-develop- 
ment of  the  sting  in  the  For- 
micidse,  14 ;.  on  eggs  laid  by 
fertile  workers,  36,  40 

Dinarda  dentata  in  ants'  nests, 
76,77 

IHpsaous  sylvegtris,  leaf -cups  of,  52 

Direction,  sense  of,  among  ants, 
260 ;  guided  by  the  position  of 
the  light,  268 ;  sense  of,  among 
bees,  278;  among  wasps,  321, 
420 

Discs,  atrophy  of  imaginal,  in 
,  worker  ants,  12;  cleared  by 
harvesting  ants,  61;  experi- 
ments as  to  sense  of  direction 
with  rotating,  261,  &c. 

Division  of  labour  among  ants, 
23,  44 ;  tabular  view  of  experi- 
ments on,  324 

Domestic  animals  of  ants,  68-78 

Driver  ants,  see  Anomma  a/i*cen8 

Dujardin,  M.,  as  to  the  power  of 
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commnnication  among  bees,  156, 
313 


EBRARD,  M.,  his  observations 
as  to  the  origin  of  ants'  nests, 
31 
Sciton,  the  eye  in,  11 

—  drepcmophoroy  their  order  in 
marching,  21 

—  erraticat  soldiers  among,  21 ; 
their  covered  galleries,  65 

—  legionis  at  play,  29 

—  vagtatoTt  soldiers  among,  21 ; 
their  covered  galleries,  65 

Economy  of  labour  among  ants, 
experiments  as  to,  240,  &c 

Eggs  of  ants  described,  6;  laid 
occasionally  by  worker  ants,  35  ; 
by  worker  bees  and  wasps,  36  ; 
these  always  produce  males,  37 ; 
as  to  difference  of  sex  in,  40 ; 
of  aphis,  tended  by  ants,  69; 
and  hatched  in  captivity,  71 

Electric  light,  experiments  on  ants 
with,  200 

Emery's  observations  on  Colobopsis^ 
20 

Enemies  of  ants,  26,  67 

Evolution  of  colour  in  flowers,  308 

Experiments,  as  to  the  adoption  of 
a  queen  by  ants,  32 ;  as  to  di- 
vision of  labour  among  ants,  23, 
44,  324 ;  as  to  their  care  of 
aphis-eggs,  70 ;  on  CUwiger,  90 ; 
as  to  the  treatment  by  ants  of 
injured  companions,  94,  107 ; 
with  chloroformed  ants,  98, 
108-111 ;  with  drowned  ants, 
99 ;  with  buried  ants,  102 ;  as 
to  treatment  of  stranger  ants, 
104,  119,  124,  333 ;  as  to  mode 
of  recognition,  108 ;  with  in- 
toxicated ants,  111-118 ;  as  to 
power  of  recognition  among 
ants,  119,  333 ;  and  among  bees, 
126;  with  ant-pupse  removed 
from  nest,  129-147 ;  on  sister- 
ants  brought  up  separately,  147- 
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152;  as  to  power  of  communi- 
cation among  ants,  160-181, 
344-376  ;  among  bees,  274,  401 ; 
among  wasps,  311,  415 ;  as  to 
perception  of  colour,  186 ;  with 
coloured  solutions,  194 ;  with 
spectrum,  198 ;  with  the  electric 
light,  201;  as  to  ultra-violet 
rays,  200-220 ;  with  magnesium 
spark,  207  ;  as  to  sense  of  hear- 
ing among  ants,  222;  among 
bees,  290 ;  as  to  sense  of  smeU 
among  ants,  233,  258;  among 
bees,  288  ;  as  to  ant  intelligence, 
237  ;  as  to  economy  of  labour, 
241;  as  to  ingenuity  among 
ants,  243-6 ;  as  to  their  power 
of  finding  their  way,  260;  as 
to  means  of  tracking,  168,  383, 
387 ;  as  to  sense  of  direction 
among  ants,  260 ;  among  bees, 
278 ;  and  among  wasps,  321 ;  as 
to  guidance  of  ants  by  sight, 
266;  as  to  the  behaviour  of 
bees  in  a  strange  hive,  281 ;  as 
to  their  compassion,  286  ;  as  to 
their  colour  sense,  291;  and 
their  preference  of  certain 
colours,  302 ;  as  to  colour  sense 
among  wasps,  316 
Expulsion  of  ant  from  nest,  98 
Eyes  of  two  kinds  in  ants,  10 ; 
compound,  182 ;  various  de- 
velopments of,  183 


FACETS  of  the  eye  in  ants, 
number  of,  11 ;  described,  182 

Feeding,  loss  of  instinct  of,  76, 83, 
87 

Fertilisation  of  plants  by  insects, 
50,  291 

Fighting  among  ants,  different 
modes  of,  17 

Flowers,  their  defences  against 
unprofitable  insects,  61-55 ;  in- 
fluence of  bees  on  their  develop- 
ment, 291 ;  paucity  of  blue,  308 

Food  of  ants,  25,  63 ;  its  effect  in 
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determining  the  sex  in  ants  and 
bees,  40 ;  individnal  ants  in 
certain  species  serve  as  recep- 
tacles of,  47 

Foragers,  certain  ants  of  a  nest 
told  off  as,  45,  47 

Forel,  Dr.,  referred  to  as  to  the 
emergence  of  pnpee  of  ants,  8 ; 
as  to  their  compound  eyes,  10; 
as  to  the  position  of  spiracles, 
14 ;  as  to  the  offices  of  young 
ants,  23  ;  as  to  J^.  rufa^  27  ;  as 
to  ant-games,  28,  29 ;  as  to 
origin  of  nests,  31 ;  as  to  eggs 
laid  by  workers,  35;  on  the 
honey  ant,  40 ;  on  the  germina- 
tion of  grain  in  ant-stores,  61 ; 
as  to  beetles  in  ant  nests,  78 ; 
as  to  the  slaves  of  F.  iomguinea^ 
80;  as  to  the  slave-making  of 
StrongylognathuSf  85 ;  on  Aner- 
gates,  86 ;  on  the  behaviour  of 
ants  to  each  other,  94 ;  on  re- 
cognition among  ants,  120 ;  as 
to  power  of  communication 
among  ants,  168;  as  to  their 
insensibibility  to  sound,  221 ;  as 
to  special  organs  in  their  an- 
tennae, 227 

Formica  hispinosa^  its  nest,  24 

—  cinerea^  16 ;  character  of,  27 ; 
eggs  laid  by  workers  among,  37, 
39 ;  duration  of  life  of,  42 

—  congerenSt  ThiasopMla  in  nests 
of,  77 

—  exsecta,  mode  of  attack  of,  17 ; 
extent  of  nest  of,  24;  Thiago- 
phila  in  nests  of,  77 

—  JUway  Uropoda  in  nests  of,  431 
— fusca,    occasionally     spins    a 

cocoon,  7 ;  its  timidity,  27  ;  in- 
troduction of  a  queen  among, 
84 ;  eggs  laid  by  workers 
among,  38,  39 ;  queens  produced 
in  captivity,  40 ;  longevity  of, 
42;  division  of  labour  among, 
45;  occasionally  found  in  the 
nests  of  F.  rufa,  79 ;  enslaved 
by  F,    sariguiTiea,   80;    Platy- 


FOR 

arthnis  received  in  nests  of,  90 ; 
their  condition  analogous  to 
that  of  the  hunting  races  of 
men,  91 ;  their  neglect  of  friends 
in  trouble,  96 ;  expulsion  of  a 
member  from  the  nest,  98 ;  mite 
attached  to  the  head  of  a  queen 
of,  98;  their  neglect  of  im- 
prisoned companions,  103 ;  hos- 
tility towards  imprisoned 
strangers,  104 ;  instances  of 
their  kindness  to  crippled  com- 
panions, 106;  experiments  as 
to  recognition  among,  122,  130, 
134,  233 ;  on  power  of  commu- 
nication among,  161,  180;  as  to 
perception  of  colour  among,  188, 
193,  201 
Formica  gagates  enslaved  by  F, 
soTigmnea,  80 

—  ligniperday  experiments  as  to 
sense  of  hearing  among,  223 ;  as 
to  sense  of  smell  among,  234 

—  nigrat  experiment  as  to  power 
of  communication  among,  363 

—  pratenm,  eye  of,  10,  184 ;  at- 
tacked by  F,  exsecta,  18 ;  its 
treatment  of  slain  enemies,  27  ; 
Stenamma  in  nests  of,  78 ;  large 
communities  of,  119 

—  rufa,  its  power  of  ejecting  poi- 
son, 15 ;  its  mode  of  attat^  17, 
27 ;  nests  of,  23  ;  large  number 
of  insects  kept  in  nests  of,  74, 
76  ;  Stenamma  in  nests  of,  78 

—  rufibarhis  perhaps  a  variety  of 
F.fuscoy  80 

—  sangvmea,  its  mode  of  attack, 
17 ;  duration  of  life  of,  41,  42  ; 
Dinarda  in  nests  of,  77 ;  .their 
periodical  attack  on  neighbour- 
ing nests,  79  ;  slaves  made  by, 
80 ;  not  yet  degraded  by  slave- 
holding,  88;  they  apparently 
understand  the  signals  of  Plra- 
tenm,  159 

Formicid(B,  one  of  the  three  fami- 
lies of  ants,  1 ;  power  of  sting- 
ing absent  in  them,  13 
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Franklin,  Dr.,  as  to  power  of  com- 
munication among  ants,  155 

Friends,  behaviour  of  ants  to,  97, 
101 ;  recognition  of,  119,  333 

GALLERIES,  covered,  made  by 
Mjiton,  65 

Galton,  Mr.  Francis,  on  domestic 
animals  kept  as  pets,  77 

Games  among  ants,  28 

G^lieu,  M.,  on  means  of  recogni- 
tion among  bees,  126 

Gentians,  colours  of,  310 

Glasses,  experiments  on  ants  with 
coloured,  186,  &c. 

Gk)uld,  Mr.,  on  the  emergence  of 
the  imago,  8 ;  on  ant-games, 
28  ;  on  the  eggs  of  aphides,  69 

Gk)ureau,  M.,  on  the  sound  pro- 
duced by  Mutilla,  229 

Graber,  Dr.  von,  on  the  sense 
organs  in  the  legs  of  GryUus, 
231 

Grain  collected  and  stored  by  ants, 
26,60;  germination  of,  prevented 
by  ants,  61 

Gredler,  Dr.,  anecdote  of  ant-intel- 
ligence told  by,  237 

Grimm's  observations  on  Dinarda, 
76 

Grote,  Mr.,  quoted  as  to  the  ne- 
cessity of  morality  in  societies, 
93 

Growth  of  insects  takes  place 
during  the  larval  stage,  8 

Guests  of  ant-s,  74 

Gryllus,sense  organs  in  tibiae  of  ,23 1 

HABITATIONS  of  ants,  24 
Hagens,  von,  quoted  as  to 

myrmecophilous    beetles,    77 ; 

on  the  slave-making  of  Strtmgy- 

lognathust  85 ;  on  Anergates,  86 ; 

his  suggestions  as  to  Strotigy- 

logTiathMS,  87 
Hairs  of  plants  as  defences  against 

insects,  55 
Harvesting  ants,  59,  92;  in  the 

South  of  Europe  and  Texas,  61 


INS 

Hatred  a  stronger  passion  with 
ants  than  affection,  106 

Head  of  ant  described,  10;  large 
size  of,  in  workers  of  certain 
species,  20,  22 

Hearing,  sense  of,  among  insects, 
221 ;  possibly  present  in  ants, 
226  ;  among  bees,  290 ;  among 
wasps,  313 

HeUerius  sesquieomis,  in  ants' 
nests,  77 

Hicks,  Dr.  J.  Braxton,  on  the 
antennae  of  insects,  227 

Hildebrand  on  the  variations  of 
blue  flowers,  310 

Honey,  love  of  ants  for,  51 ;  of 
aphis,  69  ;  experiments  on  ants 
entangled  in,  98 

Honey  ants,  19, 47 ;  independently 
originated  in  Mexico  and  Texas, 
49 ;  of  Australia  described,  428 

Hope,  Mr.,  quoted  as  to  harvest- 
ing ants,  60 

Horse  ant,  see  I^.  rufa 

Huber,  as  to  ants  playing,  28  ;  as 
to  the  formation  of  a  nest,  30  ; 
on  the  care  taken  by  ants  of 
aphis  eggs,  70;  as  to  slavery 
among  ants,  81 ;  as  to  their  re- 
cognition of  friends,  120 ;  as  to 
their  deafness,  221 

Hunting  ants,  59,  63,  91 

Hychiophytum  formicarvm^  its  as- 
sociation with  ants,  58 

Hymenopteray  common  origin  of 
the  sting  in  the,  15  ;  the  social, 
means  of  communication  be- 
tween, 153 

INDIVIDUAL  differences  be- 
tween ants,  95,  101 ;  between 
bees,  279 

Industry  of  ants,  27;  of  wasps, 
321,  421 

Insects,  their  metamorphoses,  8 ; 
their  agency  in  fertilisation  of 
flowers,  50, 291 ;  mimicking  ants, 
66 ;  kept  by  ants,  73 ;  recogni- 
tion among,  126;  their  vision. 
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182 ;  their  hearing,  221 ;  pos- 
sibly possess  senses  inconceiva- 
ble to  ourselves,  225 

Insensible  ants,  experiments  with, 
99-108 

Intelligence  among  ants,  181,236; 
experiments  as  to,  240 

Intoxicated  ants,  experiments  on, 
111 ;  tabular  view  of  experi- 
ments, 118 ;  experiments  re- 
ferred to,  128 

KEENER  on  floral  defences,  52 ; 
on  the  uses  of  nectaries,  56 
Knot  in  ants,  specific  characters 

offered  by  form  of,  13 
Kirby  and  Spence,  Messrs.,  as  to 
power  of  communication  among 
ants,  156 ;  on  the  power  of  sound 
in  Mutilla,  229 

LABOUR,  division  of,  among 
ants,  23,  44  ;  experiments  bs 
to  economising,  240;  tabular 
view  of  experiments  on,  324-332 

Landois,  on  the  sound  emitted  by 
Mutilla^  229;  on  stridulating  ap- 
paratus in  ants,  230 

Langstroth,  Dr.,  as  to  recognition 
by  smell  among  bees,  281 ;  on 
their  recklessness,  285 

Larvie  of  ants  described,  6;  of 
stranger  nests  carefully  tended, 
129 

Zasiv^sbrunneus'pxeieTS  the  aphides 
of  the  bark  of  trees,  68 

— flav^iSt  period  of  larval  life  in, 
7 ;  the  eye  in,  11 ;  will  not 
adopt  a  strange  queen,  32  ;  mites 
in  the  nest  of,  67 ;  keeps  flocks 
of  the  root-feeding  aphis,  68 ; 
keeps  four  or  five  species  of 
aphis  in  its  nests,  73;  Platy- 
oHhrus  a  guest  of,  76,  90 ;  they 
have  arrived  at  the  *  pastoral 
stage*  of  progress,  91;  their 
behaviour  to  a  dead  queen,  108 ; 
to  chloroformed  friends  and 
strangers,   108-111;   to  intoxi- 


LEP 

cated  friends  and  strangers.  111 ; 
their  treatment  of  strangers, 
123 ;  perception  of  colour  among, 
190,  193,  196 ;  experiments  as 
to  sense  of  hearing  among,  223  ; 
stridulating  apparatus  in,  231 ; 
structure  in  tibia  of,  232 ;  want 
of  ingenuity  among,  248 ;  earth- 
works constructed  by,  249 ;  ex- 
periments with,  as  to  power  of 
conmiunioation,  366;  as  to  co- 
operation, 372;  new  species  of 
mite  found  in  nests  of,  429 
Lasius  nigeTt  workers  among,  19 ; 
fed  by  aphides,  25 ;  eggs  laid 
by  workers  among,  37;  longe- 
vity of,  42 ;  typical  nest  of,  iUus- , 
trated,  42 ;  and  described,  44  ; 
they  carry  seeds  of  violet  into 
their  nests,  69 ;  their  choice 
among  aphides,  68  ;  Platy- 
arth/rus  a  guest  of,  76 ;  HetceriuB 
found  in  nests  of,  77 ;  experi- 
ments as  to  Ciamger  in  nests  of, 
90 ;  observations  on  a  wounded 
worker  among,  96 ;  experiments 
with  buried  individuals  of,  102 ; 
with  pupae  as  to  recognition 
among,  131 ;  as  to  power  of 
communication  among,  160, 163, 
172,  176,  356-362,  377;  as  to 
perception  of  colour  among,  191, 
201;  as  to  their  intelligence, 
240;  their  want  of  ingenuity, 
242,  246;  as  to  scent,  268;  as 
to  sense  of  direction  among, 
260;  PTwra  formicarvm,  para- 
sitic on,  433 

—  fuMginos^iSf  the  eye  in,  11; 
stridulating  apparatus  in,  230 

Latreille  quoted  as  to  compassion 
shown  by  ants,  94 

Leaf -cutting  ants,  67 

Legs  of  ants  described,  12 

Leptothorax  ac&rvorwm^  Platy- 
aHhrus  a  guest  of,  76  ;  Tomo- 
gnathu8  in  nests  of,  87  note 

—  muscorum,  TomognatMts  in 
nests  of,  87  note 
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Lesp^s,  M.,  on  eggs  laid  by  work- 
ers, 35 ;  on  grain  stored  by  ants, 
61 ;  on  the  feeding  of  Lome- 
chum  by  ants,  76 ;  on  the 
^domestic  animals  of  ants,  90 

Leuckart,  his  experiments  on  ant- 
intelligence,  238 

Life,  duration  of,  among  ants,  8 

Light,  dislike  of  ants  to,  2,  186  ; 
as  aid  to  sense  of  direction 
among  ants,  268 ;  bees  attracted 
by,  284 

Ligurian  qneen  bee,  introduction 
of  a,  287 

Limits  of  vision  with  ants,  experi- 
ments as  to,  199-206 ;  in  Daph- 
nia,  219 

Lincecum,  Dr.,  as  to  Texan  har- 
vesting ants,  62 

Linnaeus  quoted  as  to  aphides,  67 

Locust,  ants  apparently  deceived 
by  a  leaf-like,  66 

Lomeclivsa  fed  by  ants,  76 

Long,  Col.,  as  to  the  sense  of 
hearing  among  certain  ants,  226 

Longevity  of  workers  of  Lasius 
niger,  38,  42;  of  queen  ants,  9, 40 

Lowne,  Mr.,  quoted  as  to  the  func- 
tions of  ocelli,  183 

Lund,  M.,  quoted  as  to  the  intel- 
ligence of  ants,  236 

Zyccena  pseudargiohiSy  ants  seen 
licking  the  larva  of,  68 

MCCOOK,  Mr.,  quoted  as  to 
the  adoption  of  a  queen  by 
Crematogagter,  34  ;  as  to  honey- 
ants,  48 ;  as  to  the  grain-fields 
of  the  Texan  harvesting  ant,  62 ; 
as  to  ants  licking  the  larva  of  a 
butterfly,  68 ;  on  recognition  by 
smell  among  ants,  127 

Markel  quoted  as  to  insects  kept 
by  F.  rufa^  74 

Maimonides  as  to  the  ownership  of 
ant-stores  of  grain,  59 

Males  only  produced  by  eggs  laid 
by  workers  among  bees,  wasps, 
and  ants,  36,  37 ;  of  Afiergates 


MYR 

wingless,  86;  of  Tomognathus 
wingless,  87  vvofte 

Mandibles  of  ants,  11 ;  pointed  in 
PolyerguB^  18 ;  but  toothless, 
82;  sabre-like  in  S.  -Sif&m,  84 

Marking  ants,  bees,  and  wasps, 
methods  of,  5 

Meer  Hassan  Ali,  as  to  harvesting 
ants,  60 

Mental  powers  of  ants  differ  from 
those  of  men  in  degree  rather 
than  in  kind,  181 

Metamorphoses  undergone  by  in- 
sects, 8 

*  Metamorphoses  of  Insects,' 
quoted,  30 

Mexico,  honey-pot  ants  in,  19,  47 

Michael,  Mr.,  description  of  Uro- 
poda  by,  429 

Microphone,  experiment  with,  225 

Mimicry,  protective,  instances  of, 
66 

Mischna,  rules  in,  respecting  ant- 
hoards  of  grain,  69 

Mites,  ants  infested  by,  26,  98; 
new  species  in  nests  of  Lamis 
flavus,  429 

Mooquerys,  M.,  on  the  tenacity  of 
the  bite  of  the  ant,  96 

Moggridge,  Mr.,  on  harvesting 
ants,  61 

Morality  among  ants,  question  as 
to,  93 ;  among  bees,  285 

Mosaic  theory  of  the  vision  of  com- 
pound eyes,  184 

Moseley,  Mr.  H.  N.,  quoted  as  to 
the  connection  between  ants 
and  certain  epiphytes,  58 

Mouth  of  ant  described,  11 

Miiller,  his  observations  on  Cla- 
viger,  76  ;  on  the  mosaic  theory 
of  vision,  184;  on  the  colour 
sense  in  bees,  307;  on  blue 
flowers,  310 

Mushrooms  grown  by  ants,  57 

Myrniecina  LatreilUi,  the  eye  in. 
11 ;  their  mode  of  defence,  16  ; 
said  to  be  phlegmatic  in  disposi- 
tion, 27 
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Myrmecocyitus  mexica/nus,  honey- 
holding  individuals  among,  19 ; 
foragers  bring  supplies  of  honey 
to  them,  47 

MyrmecoMa  a/rmata,  its  associa- 
tion with  ants,  58 

Myrmecophilous  insects,  68-78 

Myntiica  ruginodis^  period  of  lar- 
val life  in,  7 ;  length  of  life  of 
males  of,  9 ;  origin  of  a  nest  of, 
32 ;  observations  on  a  wounded 
specimen  of,  96 ;  experiments  as 
to  recognition  among,  121 ;  as 
to  communication  among,  164, 
348;  illustration  of  terminal 
portion  of  antenna  of,  227 ; 
sense-organ  in  tibia  of,  233; 
their  unwillingness  to  face  a  fall, 
245 

—  scabrinodis,  cowardly  nature 
of,  27 ;  Platyarthms  a  guest  of, 
75 

Mymdcidae,  one  of  the  three  fa- 
milies of  ante,  1 ;  correlation  of 
form  of  knot  with  power  of 
stinging  in  the,  13 

NECTARIES,  uses  of,  56 
Nests  for  ants,  artificial,  de- 
scribed, 3, 164 ;  of  ants  classified 
and  described,  23,  &c. ;  three 
modes  of  formation  of,  sug- 
gested, 30  ;  of  Lasms  niger  de- 
scribed and  illustrated,  42 

Neuters  among  ants,  production 
of  different  forms  of,  22 

Nermann,  M.  de,  honey  ants 
brought  from  Mexico  by,  47 


OCELLUS,  or  simple  eye  in 
ants,  10 ;  absent  in  the  work- 
ers of  some  species,  11 ;  origin 
of,  182 
(Ecodoma  cephalctes,  the  Saiiba 
ant,  five  kinds  of  individuals 
among,  21 ;  extent  of  nest  of, 
24  ;  leaf- cutting  among,  237 ; 
intelligence  of,  239 


POG 

CEcophyUa,  sting  in,  13 

Organ  of  sense  in  antenna  of  ant, 

226 ;  in  tibia  of  GryUus,  231 ; 

in  tibia  of  ant,  232 
Ormerod,  Mr.,  as  to  the  sense  of 

hearing  among  wasps,  221 
Ova  of  aphis  described,  71  note 


FRASITES  of  antfi,  26,  67,  74, 
431, 433 ;  of  bees,  26 

Pass-word,  experiments  as  to, 
among  ants,  108  ;  supposed  use 
of,  among  bees  and  ants,  126 ; 
experiments  as  to,  with  pupae, 
129;  existence  of,  apparently 
disproved,  147 

Pets,  domestic  animals  kept  as,  by 
savages,  77 

Phases  of  life  among  men  and 
ants,  analogy  between,  91 

Pheidole  megaeephala,  pugnacity 
of  small  workers  of,  20 ;  experi- 
ment as  to  power  of  communi- 
cation among,  180 ;  sense-organ 
in  tibia  of,  233 

— pallid  via,  the  eye  in,  11 ;  com- 
munication among,  158 

—  provident,  its  storage  of  grass 
seeds,  60 

Phora  farmiea/rvm,  its  attacks 
on  ants,  26,  74 ;  described,  432 

Phoridae  parasitic  on  ants,  67,  74 ; 
new  genus  and  species  of,  431 

Pigs  kept  as  pets  by  savages,  77 

Plagiolepis  pygnuBa,the  eye  in,  11 

Plants,  relation  of  ants  to,  50 ; 
their  different  modes  of  defence 
against  unprofitable  Insects,  61 ; 
benefited  by  the  action  of  in 
sectivorous  ants,  59 

Plato,  epigram  by,  quoted,  185 

PlatyoHhi'UsJSdffnuinseggii,  a  guest 
of  the  ants,  75;  experiments 
with,  90 

PlatyphoraLubhookiifQl;  described 
434 

Pogonomyrmex  barbatuSy  stores 
*  ant-rice,'  61 
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Toison  ejected  h J  Ibrmioaruf a,  15 

Poligtes,  robbery  among,  286 ;  P, 
gallioa,  a  specimen  of,  kept  for 
nine  months,  315 

Polyergut  rufescens,  the  eye  in,  11 ; 
its  mode  of  combat,  18;  indi- 
vidual courage  of,  27;  males 
produced  from  eggs  laid  by 
workers  among,  39,  45 ;  greatly 
dependent  on  its  slaves,  80,  83 ; 
slave-making  expedition  of,  de- 
scribed, 81 ;  degrading  effect  of 
slave-holding  on,  89 ;  imprisoned 
friends  and  strangers  equally 
neglected,  105;  power  of  com- 
munication among,  158, 180 

Polygonvm  ampMbivm,  glandular 
hairs  absent  from  specimens 
growing  in  water,  56 

Ponera  contractaj  the  eye  in,  11 

Pimerid€Bt  one  of  the  three  families 
of  ants,  1 ;  form  of  knot  in,  13 ; 
stridulating  apparatus  in,  230 

Primvlace6B,  evolution  of  colour 
in,  309 

Protective  mimicry,  66 

Pupae  of  ants,  7 ;  experimented  on 
as  to  power  of  rec(^^tion 
among  ants,  129 

Python  said  to  have  been  de- 
stroyed by  the  Driver  ants,  64 


QUEEN  ants,  longevity  of,  9, 
41 ;  their  wings,  12 ;  several 
in  a  nest,  19 ;  reluctance  of  ants 
to  adopt  a  new,  32 ;  never  pro- 
duced from  workers'  eggs,  36 ; 
seldom  produced  in  captivity, 
40 ;  treatment  of  a  dead,  108 
Queen  bees,  limited  nature  of  de- 
votion of  subjects  to,  287 


TfANUNCULACE^,    correla- 
-"^    tion  of  colour  with  speciali- 
sation of  form  in,  308 
Recognition  of  friends  by  ants, 
experiments  on,  108,  &c.,   119, 


SIE 

&c. ;  after  long  separation,  123, 
233,  333 ;  means  of,  125  ;  among 
bees,  126 ;  experiments  as  to, 
with  pupaB,129-147  ;  as  to  sister 
ants  brought  up  separately,  147  ; 
proved  to  be  communal,  not  per- 
sonal, 152 

Belations,  behaviour  of  ants  to,  93 

Retrogression  of  organs :  of  sting, 
14 ;  of  wings,  15  ;  of  eyes,  75 

Roads  made  by  ants,  25 

Robbery  among  bees,  285 

Rufescent  ants  on  a  slave- making 
expedition,  81 
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T.  FARGEAU,  Lepeletier  de, 
on  the  origin  of  ants'  nests, 
31 ;  on  the  benevolence  of  ants, 
94 ;  as  to  hearing  among  insects, 
221 

Saiibaant,  see  (Ecodoma  cephalotei 

Sauvages,  Abb6  Boisier  de,  on  the 
connection  between  ants  and 
aphides,  68 

Savage,  Rev.  T.  S.,  •  On  the  Habits 
of  Driver  Ants,*  quoted,  20,  63, 
64 

Scavengers,  some  ant-guests  may 
serve  as,  75 

Scent,  power  among  ants  of  track- 
ing by,  124,  171 ;  experiments 
with  different  kinds  of,  233  ; 
importance  of,  to  ants,  258 

Schenk,  Anergatei  discovered  by, 
86 

Secretion  of  aphis  retained  till  re- 
quired by  ants,  69 ;  of  Clamger 
and  DvMvrda  as  food  for  ants, 
75,76 

Seeds  of  violet  collected  by  ants, 
26  ;  stored  by  ants,  60 ;  and 
prevented  from  sprouting,  61 

Senses  of  ants,  182 ;  organs  o^ 
226,  232 

Sentinels  among  bees,  288 

Sex  of  eggs  determined  by  treat- 
ment, 40,  41 

Siebold,  von,  on  sense-organs  in 
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GryUus,  281 ;  on  robbery  among 
PoUsteSy  286 

Sight,  how  far  ants  are  guided  by, 
251,  268,  266,  270 

Signals  given  by  ants,  158 

Slave-holding,  structural  changes 
induced  by,  82;  degradation 
caused  by,  89 

Slave-making  ants,  18  ;  expedition 
of,  81 

Slavery  among  ants,  origin  of,  79 ; 
degrading  tendency  of,  82-89 

Smell  of  Myrmedna  possibly  pro- 
tective, 17 ;  on  recognition 
among  ants  by,  127 ;  sense  of, 
among  ants,  233  ;  the  probable 
means  of  recognition  among 
bees,  281 ;  sense  of,  keen  among 
bees,  288 

Snake  killed  by  Driver  ants,  64 

Soldiers  among  ants,  20 ;  those  of 
Saiiba  do  not  fight,  22;  their 
origin,  22 

Solenopsis  fugaxy  the  eye  in,  11; 
the  enemy  of  its  hosts,  78 

Solomon  on  the  foresight  of  the 
ant,  69,  60 

Sound,  apparent  insensibility  of 
ants  to,  222 ;  possible  existence 
of,  beyond  human  auditory 
range,  223,  233 ;  how  produced 
by  MvUUat  229;  apparent  in- 
sensibility of  bees  to,  290 

Specialisation  of  form  in  flowers 
correlated  with  colour,  308 

Spectrum,  experiments  as  to  per- 
ception of,  by  ants,  198 

Spiders,  their  intelligence  in  es- 
caping the  Ecitons,  66 ;  mimick- 
ing ants,  66 

Spiracles  of  ant,  position  of,  12, 14 

Stenamma  Woodwardii,  the  eye  in, 
11 ;  foxmd  exclusively  in  nests 
of  Formica,  78 

Stethoscope-like  organs  in  antenna 
of  ant,  228 

Sting  in  ants,  possible  correlation 
of,  with  form  of  knot,  13 ;  pro- 
bable common  orig^  of,  in  ants, 


TYN 

bees,  and  wasps,  14 ;  atrophied 
condition  otfia  Formioaj  16;  the 
loss  of,  fatal  to  bees,  283 

Strangers,  behaviour  of  ants  to- 
wards, 104,  109,  119,  333 

Stridulating  apparatus  in  MvtUla, 
229  ;  in  ants,  230 

Strongyhgnathus  Suberi,  its  mode 
of  slave-making,  84 

—  tettaoeus,  the  eye  in,  11 ;  slave- 
holders in  spite  of  their  feeble- 
ness, 84  ;  their  degradation,  87, 
89 

Sulphate  of  quinine,  experiment 
with,  as  to  ant  vision,  216 

Surgical  use  of  ant  heads  in  Bra- 
zil, 96 

Sykes,  Mr.,  quoted  as  to  seed- 
collecting  ants,  60 


rpAME  wasp,  behaviour  of  a,  315 
X     Tapi/noma,  length  of  period  of 

larval  life  in,  7 
—  erroHowm,  the  eye  in,  11 ;  their 

agility,  24;  Hetaritis  in  nests 

of,  77 
Teazle,  possible  uses  of  leaf-cup 

in,  62 
Tetramoritim  ecespiticnif  the  eye  in, 

11 ;  feigns  death  as  a  defence, 

17;  alleged  greediness  of,  27; 

enslaved   by   Stronffyloffnatkfit, 

84 ;  entire  dependence  of  Aner* 

gates  upon,  86 
Texas,  hiurvesting  ants  in,  61 
TMoiophila  crngtUata  in  ants'  nests, 

77 
Thorax  of  ant  described,  12 
Tibia  of  Gryllus,  sense  organ  in, 

231 ;  of  LasiuSf  232 ;  of  Zoow 

tida,  233 
Tomognathiis    suhlavis ,     only 

workers  of,  known,  87  note 
Tracks  of  ants  illustrated,  261-257 
Tuning-forks,  experiments  with, 

222 
Tunnels  formed  by  ants,  25 
Tyndall,     Professw,    experiment 
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with  sensitive  flames,  226 ;  as  to 
sense  organs  in  antennae,  228 
Tyjfhlopotie,  absence  of  eyes  in,  11 


ULTRA-RED  rays,  ants  not  sen- 
sitive to,  206 
Ultra-violet  rays,  sensitiveness  of 

ants  to,  201-220 
TJrapodafornxicaria  described,  429 


YARIETIES  produced  in  beetles 
frequenting  nests  of  various 

ants,  77 
Verrall,  G.  H.,  Esq.,  description  of 

a  new  genus  of  PlunidcB,  26, 431 
ye%pa     germamcay      experiment 

with,  as  to  communication,  415 
—   vulgaris^  .  experiment  •  as    to 

colour  wil^  316 
Vibrations    producing   sensations 

of  sound  and  colour,  225  . 
Violet  light,  avoidance  of,  by  ants, 

189 
Violets,  colours  of,  309 ;  seeds  of, 

carried  into  nests  by  Lasiust  26, 

59 
Viscidity    of    plants,    a    defence 

against  insects,  55,  56 
Vision  among  ants,  182 ;  of  the 


WOR 

ocelli,  183 ;  of  compound  eyes, 
184  ;  limits  of,  199,  206,  219 


WALKER,  Mr.,  honey  ant  sent 
from  Australia  by,  48 

Wasps,  occasional  fertility  of 
workers  among,  36;  sense  of 
hearing  among,  221 ;  experi- 
ments with,  311,  416;  more 
clever  than  bees  in  finding  their 
way,  313;  their  courage,  314; 
account  of  a  tame  one,  315 ; 
their  colour  sense,  316;  their 
industry,  421 

Water,  ants'  visits  prevented  by, 
62 

Wesmael,  M.,  describes  Mymieco' 
cygtuSj  47 

Westwood,  Mr.,  on  the  production 
of  neuters,  22 ;  on  the  sound 
produced  of  MutiUa,  229 

Wings  of  ants,  atrophy  of,  among 
the  workers,  12 ;  pulled  off  after 
flight  by  the  queen  ants,  12,  19 

Winter,  aphis  eggs  tended  by  ante 
through  the,  70 

Workers  among  ants  always  wing- 
less, 12;  varieties  of  form 
among,  19-22;  occasional  fer- 
tility of,  36 ;  longevity  of,  87, 88 
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A    LIST   OF 

C.  KEGAN   PAUL  AND  CO.'S 
PUBLICATIONS. 


ADAMS  (P.  0.)>  P.R.Q.S. 
The  History  of  Japan.  From 

the  Earliest  Period  to  the  Present 
Time.  New  Edition,  revised,  a 
volumes.  With  Maps  and  Plans. 
Demy  8va    Clotk,  price  nxt.  each. 

ADAMS  (W.  D.). 
Lyrics  of  Love,  from  Shake- 
speare to  Tennyson.     Selected  and 
arraneedby.  Fcap.  8vo.  Cloth  extra, 
gilt  edges,  price  3^.  td, 

ADAMSON  (H.  T.),  B.D. 
The  Truth  as  it  is  in  Jesus. 

Crown  8vo.    Cloth,  price  8f.  (>cL 

The  Three  Sevens.  Crown 
Svo.    Cloth,  price  5*.  td. 

ADAM  ST.  VICTOR. 
The   Liturgical   Poetry  of 

Adam  St.  Victor.  From  the  text 
of  Gautier.  With  Translations  into 
English  in  the  Original  Metres,  and 
Short  Explanatory  Notes.  By  Digby 
S.  Wrangham,  M.A.  3  vols.  Crown 
Svo.  Printed  on  hand-made  paper. 
Cloth,  price  2if . 

A.  K.  H.  B. 

From  a  Quiet  Place.  A  New 

Volume  of  Sermons.  Crown  Svo. 
Cloth,  price  5r. 

ALBERT  (Mary). 
Holland  and  her  Heroes  to 

the  year  1585.  An  Adaptation  from 
Motley's  "  Rise  of  the  Dutch  Re- 
public. **  Small  crown  Svo.  Cloth, 
price,  4f .  6</. 

ALLEN  (Rev.  R.),  M.A. 
Abraham ;  his  Life,  Times, 

and  Travels,  3,800  years  ago.  Se- 
cond Edition.  With  Map.  Post 
Svo.    Cloth,  price  dr. 

ALLEN  (Grant),  B.A. 
Physiological    Esthetics. 
Large  post  Sva    9; . 


ALLIES  (T.  W.),  M.A. 
Per  Crucem  ad  Lucem.  The 

Result  of  a  Life,  a  vols.  Demy  Svo. 
Cloth,  price  25J. 

A  Life's   Decision.    Crown 
Svo.    Cloth,  price  ^s,  6d. 
ANDERSON  (Col.  R.  P.). 
Victories  and  Defeats.    An 

Attempt  to  explain  the  Causes  which 
have  led  to  them.  An  Officer's 
Manual.  Demy  Svo.  Qoth,  price  14X. 

ANDERSON  (R.  C),  C.E. 
Tables  for  Facilitating  the 
Calculation  of  every  Detail  in 
connection  with  Earthen  and 
Masonry  Dams.  Royal  Sva  Qoth, 
price  £2  2s, 

ARCHER  (Thomas). 
About      my      Father's 

BuBineaa.  Work  amidst  the  Sick, 
the  Sad,  and  the  Sorrowing.  Crown 
Sva    doth,  price  2s.  6d, 

ARMSTRONG  (Richard  A.),B.  A. 
Latter- Day  Teachers.    Six 

Lectures.  Small  crown  Svo.  Cloth, 
price  2S.  6d. 

Army  of  the  North  German 
Confederation. 

A  Brief  Description  of  its  Organi- 
zation, of  the  Different  Branches 
of  the  Service  and  their  rSU  in  War, 
of  its  Mode  of  Fighting,  &c  &c 
Translated  from  the  Corrected  Edi- 
tion, hy  permission  of  the  Audior,  by 
Colonel  Edward  Newdigate.  Demy 
Svo.    Cloth,  price  5*. 

ARNOLD  (Arthur). 

Social  Politics.     Demy  Svo. 

Cloth,  price  14^. 

Free  Land.  Second  Edition. 
Crown  Svo.    Cloth,  price  U» 
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AUBERTINO'J-)* 
Camoens'  Lusiads.    Portu- 
guese Text,  with  Translation  by. 
With  Map  and  Portraits,     a  vols. 
Demy  8vo.    Price  3or. 

Seventy   Sonnets    of    Ca- 

moens*.  Portuguese  text  and  trans- 
lation, with  some  original  poems. 
Dedicated  to  Captain  Richard  F. 
Burton.  Printed  on  hand-made  paper. 
Qoth,  bevelled  boards,  gilt  top, 
price  7*.  td. 

Aunt  Mary's  Bran  Pie. 
By  the  author  of  "  St  Olave's.** 
Illustrated.    Cloth,  price  3f .  t<L 

AVIA. 
The    Odyssey    of    Homer 

Done  into  English  Verse.  Fcap. 
4to.    Cloth,  price  iff. 

BADQER (George  Perry),  D.C.L. 
An  English- Arabic  Lexi- 
con. In  which  the  e<^uivalents  for 
English  words  and  idiomatic  sen- 
tences are  rendered  into  literary  and 
colloquial  Arabic.  Royal  4to.  Cloth, 
price  £q  gs. 

BAGEHOT  (Walter). 
Some  Articles  on  the  De- 
preciation of  Silver,  and  Topics 
connected  with  it.   DemySvo.  Fnce 
5*. 

The  English  Constitution. 

A  New  Edition,  Revised  and 
Corrected,  with  an  Introductory 
Dissertation  on  Recent  Changes  and 
Events.  Crown  8vo.  Clotty  price 
7S.6d. 

Lombard     Street.      A 

Description  of  the  Money  Market. 
Seventh  Edition.  OownSva  Qoth, 
price  7*.  6d. 

BAGOT  (Alan). 
Accidents  in  Mines:  their 
Causes  and  Prevention.  Crown  8vo. 
Cloth,  price  6s, 

BAKER  (Sir  Sheraton,  Bart). 
Halleck's  International 
Law ;  or  Rules  Regulating  the 
Intercourse  of  States  in  Peace  and 
War.  A  New  Edition,  Revised,  with 
Notes  and  Cases.  3  vols.  Demy 
8vo.    Cloth,  price  38*. 


BAKER  (Sir  Sheraton,   Bart)- 

continuea. 

The  Laws  relating  to  Qua- 
rantine. Crown  8vo.  Cloth,  price 
i2f.  6d. 

BALDWIN  (Capt.  J.  H.),  P.Z.S. 
The  Large  and  Small  Game 
of  Bengal  and  the  North- West- 
em  Provinces  of  India.  4to.  "^^th 
munerous  Illustrations.  Sea)nd  Edi- 
tion.   Cloth,  price  2x«. 

BALLIN  (Ada  S.  and  P.  L.). 
A  Hebrew  Grammar.  With 

Exercises  selected  from  the  Bible. 
Crown  Svo.    Cloth,  price  7*.  6d, 

BANKS  (Mrs.  G.  L.). 
God's  Providence  House. 
New  Edition.    Oown  Svo.    Qoth, 
price  3^ .  6d. 

Ripples     and      Breakers. 

Poems.    Square  Svo.  Cloth,  price  5^. 

BARCLAY  (Edgar). 
Mountain  Life  in  Algeria. 

Crown  4to.  With  numerous  Illustra- 
tions by  Photogravture.  Cloth,  price 
x6s. 

BARLEE  (Ellen). 
Locked  Out :  a  Tale  of  the 
Strike.   With  a  Frontispiece.   Royal 
z6mo.    Cloth,  price  is.  6d, 

BARNES  (William). 
An    Outline    of    English 
S^eechcraft    Crown  Svo.    Cloth, 
price  4f . 

Poems  of  Rural  Life,  in  the 
Dorset  Dialect.  New  Edition, 
complete  in  I  vol.  Crown  Svo.  Qoth, 
price  Sr.  6d, 

Outlines      of       Redecraft 

(Logic).  With  English  Wording. 
Crown  Svo.    Cloth,  price  y. 

BARTLBY  (George  C.  T.). 
Domestic  Economy :  Thrift 

in  Every  Day  Life.  Taught  in 
Dialogues  suitable  for  Children  of 
all  ages.  Small  crown  Svo.  Cloth, 
limp,  a^. 
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BAUR  (Ferdinand),  Dr.  Ph. 
A  Philological  Introduction 
to  Greek  and  Latin  for  Students. 
Translated  and  adapted  from  the 
German  o^  By  C.  Kbgan  Paul, 
M.A.  Oxon.,  and  the  Rev.  E.  D. 
Stone,  M.A.,  late  Fellow  of  King's 
College,  Cambridge,  and  Assistant 
Master  at  Eton.  Second  and  re- 
vised edition.  Crown  8va  Cloth, 
price  6f. 

BAYNES  (Rev.  Canon  R.  H.). 
At  the  Communion  Time. 
A  Manual  for  Holy  Communion, 
With  a  preface  by  the  Right  Rev. 
the  Lord  Bishop  of  Deny  and 
Raphoe.    Cloth,  price  xs.  6d. 

\*  Can  also  be  had  bound  in 
French  morocco,  price  2f .  6d, ;  Per- 
sian morocco,  price  3^. ;  CaJf,  or 
Turkey  morocco,  price  3*.  6d. 

Home    Songs    for    Quiet 

Hours.    Fourth  and  Cheaper  Edi- 
tion. Fcap.  8vo-  Cloth,  price  2*.  6d. 
This  may  also  be  had  handsomely 
bound  in  morocco  with  gilt  edges. 

BELLINQHAM  (Henry),  Barris- 
ter-at-Law. 

Social  Aspects  of  Catholi- 
cism and  Protestantism  in  their 
Civil  Bearing  upon  Nations. 
Translated  and  adapted  from  the 
French  of  M.  le  Baron  de  Haulle- 
Tille.  "W^th  a  Preface  by  His  Emi- 
nence Cardinal  Manning.  Second 
and  cheaper  edition.  Crown  8va 
Cloth,  price  3*.  &/. 

BENNETT  (Dr.  W.  C). 
Narrative  Poems  &  Ballads. 

Fcap.  8vo.  Sewed  in  Coloured  Wrap- 
per, price  z«. 

Songs  for  Sailors.  Dedicated 

by  Special  Request  to  H.  R.  H.  the 
Duke  of  Edinburgh.  With  Steel 
Portrait  and  Illustrations.  Crown 
8vo.    Cloth,  price  or.  (id. 

An  Edition  in  Illustrated  Paper 
Covers,  price  w. 

Songs  of  a  Song  Writer. 

Crown  8vo.    Cloth,  price  6*. 
BENT  Q.  Theodore). 
Genoa.   How  the  Republic 
Rose  and  Fell.    With  18  Illustra- 
tions.   Demy  8vo.    Cloth,  price  i8f. 


BBTHAM  -  EDWARDS    (Misa 

M.). 

Kitty.    With  a  Frontispiece. 

Crown  8vo.    Cloth,  price  6f. 
BEVINGTON  (L.  S.). 

Key   Notes.      Small  crown 

8vo.    Cloth,  price  5*. 
Blue  Roses ;  or,  Helen  Mali- 

nofska's  Marriage.  By  the  Author 
of  "  VAra."  a  vols.  Fifth  Edition. 
Cloth,  gilt  tops,  lay. 

*«*  Also  a  Cheaper  Edition  in  z 
vol.  With  Frontispiece.  Crown  8vo. 
Cloth,  price  ts. 

BLUME  (Major  W.). 
The  Operations  of  the 
German  Armies  in  France,  fix^n 
Sedan  to  the  end  of  the  war  of  1870- 
71.  With  Map.  From  the  Journals 
of  the  Head-quarters  Staff.  Trans- 
lated by  the  late  E.  M.  Jones,  Mai. 
soth  Foot,  Prof,  of  Mil  Hist,  Sand- 
hurst   Demy  8vo.    Cloth,  price  9*. 

BOGUSLAWSKI  (Capt.  A.  ron). 
Tactical  Deductions  from 
the  War  of  1870-71.  Translated 
by  Colonel  Sir  Lumley  Graham, 
Bart,  late  i8th  (Royal  Irish)  Regi- 
ment Third  Edition,  Revised  and 
Corrected.  Demy  8va  Cloth,  pice 
7*- 

BONWICK  (J.),  P.R.G.S. 
Egyptian  Belief  and  Mo- 
dem Thought.  Large  post  8va 
Cloth,  price  lof.  M. 
Pyramid  Facts  and  Fan- 
cies. Crown  8vo.  Cloth,  price  5*. 
The  Tasmanian  Lily.  With 
Frontispiece.  Crown  8vo.  Qoth, 
price  5*. 

Mike  Howe,the  Bushranger 
of  Van  Diemen'8  Land.  With 
Frondspieca.  New  and  cheaj^ 
edition.  Crown  8vo.  Qoth,  price 
3*.  td. 

BOWEN  (H.C.),  M.A. 
English  (grammar  for  Be- 
ginners. Fcap.8vo.  Cloth,  price  zf. 
Studies  in  English,  for  the 
use  of  Modem  Scho<rfs.  Sinall  crown 
8va  Cloth,  price  xs.  6d, 
Simple    English     Poems. 

English  Literature  for  Junior  Classes. 
In  Four  Parts.  Parts  1.  and  II.,  price 
6d.  each,  now  ready. 
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BOWRINQ  (Sir  John). 

Autobiographical  Recollections. 

With  Memoir  by  Lcwin  B.  Bowring. 

Demy  8vo.    Pnce  14*. 
Brave  Men's  Footsteps. 

Bv  the  Editor  of  "  Men  who  have 

Risen."    A  Book  of  Example  and 

Anecdote  for  Young  People.   With 

Four    Illustrations    by   C    Doyle. 

Sixth  Edition.     Crown  8vo.     Qoth, 

price  3«.  6d, 
BRIALMONT  (Col.  A.). 

Hasty   Intrenchments. 

Translated  by  Lieut  Charles  A. 
Empson,  R.A.  With  Nine  Plates. 
Demy  8va    Qoth,  price  6*. 

BRIDQETT  (Rev.  J.  E.). 
History  of  the  Holy  Eucha- 
rist in  Great  Britain.    3  vols., 
demy  8vo.    Cloth,  price  iSf. 

BRODRICK  (The  Hon.  Q.  C). 
Political     Studies.      Demy 

8vo.    Cloth,  price  X4x. 
BROOKE  (Rev.  8.  A.),  M.  A. 
The  Late  Rev.  F.  W.  Ro- 
bertson, M.A.,  Life  and  Letters 

of.    Edited  by. 

L  Uniform  with  the  Sermons, 
a  vols.  With  Steel  Portrait  Price 
7*.  &/. 

II.  Libnuy  Edition.    8va    With 
Portr^t.    Price  12*. 

III.  A  Popular  Edition,  in  z  voL 
8vo.    Price  6s. 

Sermons.        First      Series. 
Twelfth     and     Cheaper      Edition. 
Crown  8vo.    Qoth,  price  5*. 
Sermons.      Second    Series. 

Fifth  and  Cheaper  Editi(»i.  Crown 
8vo.     Cloth,  pnce  5X. 

Theology  in   the  English 

Poets.  —  COWPER,    *      COLKRIDGK, 

Wordsworth,  and  Burns.  Fourth 
and  Cheaper  Edition.  Post  8vo. 
Cloth,  price  5*. 

Christ    in    Modem    Life. 

Fifteenth  and  Cheaper  Edition. 
Crown  8vo.  Cloth,  pnce  5*. 
The  Spirit  of  the  Christian 
Life.  A  New  Volume  of  Sermons. 
Second  Edition.  Crown  Svo.  Cloth, 
price  7^.  6d. 

The  Fight  of  Faith.  Ser- 
mons preached  on  variotis  occasions. 
Fifth  Edition.  Crown  Svo.  Cloth, 
price  ^s.  6d, 


BROOKE  (W.Q.),M.  A. 
The    Public    Worship 

Regulation  Act.  With  a  Classified 
Statement  of  its  Provisions,  Notes, 
and  Index.  Third  Edition,  Revised 
and  Corrected.  Crown  8vo.  Qoth, 
price  V.  64, 

Six  Privy  Council  Judg- 
ments—x8so- 1873.  Annotated  hy. 
Third  Edition.  Crown  8vo.  Cloth, 
inice  qs. 

BROUN  (J.  AA 
Magnetic  Observations  at 
Trevandrum      and      Augustia 
M  alley.      VoL   I.       4to.      Qoth, 
price  63*. 

The  Report  from  above,  separately 
sewed,  pnce  an. 

BROWN  (Rev.  J.  Baldwin). 
The  Higher  Life.  Its  Reality, 

Experience,  smd  Destiny.  Fifth  aind 
Cheaper  Edition.  Crown  Svo.  Cloth, 
price  5*. 

Doctrine  of  Annihilation 
in  the  Li^ht  of  the  Qos^el 
of  Love.  Five  Discourses.  Tlurd 
Edition.  Crown  8vo.  Qoth,  price 
3X.  6d. 

The  Christian  Policy  of 
Life.  A  Book  for  Young  Men  of 
Business.  New  and  Cheaper  Edition. 
Crown  Svo.  Cloth,  price  3*.  6d. 
BROWN  G.  Croumbie),  LL.D. 
Reboisement  in  France;  or, 

Records  <^  the  Replanting  of  the 
Alps,  the  Cevennes,  and  the  Pyre- 
nees with  Trees,  Herbage,  and  Bush. 
Demy  8va    Qoth,  price  xa/.  6d. 

The  Hydrology  of  Southern 
Africa.  Demy  8vo.  Cloth,  price 
los.  6d. 

BROWNE  (W.  R.). 
The     Inspiration    of    the 
New  Testament.  With  a  Preface 
by  the  Rev.   T.  P.  Norris,  D.D. 
Fcap.  Svo.    Cloth,  price  2*.  6d. 

BRYANT  (W.  C.) 
Poems.      Red-line   Edition, 

With  2^  Illustrations  and  Portrait  of 
the  Author.  Crown  Svo.  Qoth  extra, 
price  7*.  6d. 

A  Cheaper  Edition,  with  Frontis- 
inece.  Small  crown  Sva  Qoth,  price 
3*.  6d, 
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BURCKHARDT  (Jacob). 
The  Civilization  of  the  Pe- 
riod of  the  Renaissance  in  Italy. 
Authorized  translation,  by  S.  G.  C. 
Middlemore.  a  vols.  D^my  8vo. 
Cloth,  price  34^. 

BURTON  (Mrs.  Richard). 
The  Inner  Life  of  Ssrria, 
Palestine,  and  the  Holy  Land. 
With  Maps,  Photographs,  and 
Coloured  Flates.  a  vols.  Second 
Edition.  DemySvo.  Qoth,  price  34^. 

%*  Also  a  Cheaper  Edition  in 
one  volume.  Large  post  8vo.  Cloth, 
price  xof .  6d, 

BURTON  (Capt.  Richard  P.). 
The  Gold  Mines  of  Midian 
and  the  Ruined  Midianite 
Cities.  A  Fortnight's  Tour  in 
North  Western  Arabia.  With  nu- 
merous Illustrations.  Second  Edi- 
tion.   Demy  8vo.    Qoth,  price  i8«. 

The  Land  of  Midian  Re- 
visited. With  numerous  illustra- 
tions on  wood  and  by  Chromo- 
lithography.  a  vols.  Demy  Svo. 
Qot£^  price  32*. 

BUSBECQ  (Ogier  Ghiselin  de). 
His  Life  and  Letters.     By 

Charles  Thornton  Forster,  M.D. 
and  F.  H.  Blackbume Daniell,  M.D. 
2  vols.  With  Frontispieces.  Demy 
Bvo.    Cloth,  price  24^. 

BUTLER  (Alfred  J.). 
Amaranth    and  Asphodel. 

Songs  from  the  Greek  Anthology.— 

I.  Songs  of  the  Love  of  Women. 

II.  Songs  of  the  Love  of  Nature. 

III.  Songs  of  Death.  IV.  Songs  of 
Hereafter.  Small  crown  Svo.  Cloth, 
price  2^. 

CALDERON. 
Calderon's    Dramas :    The 

Wonder- Working  Magician — Life  is 
a  Dream — ^The  Purgatory  of  St 
Patrick.  Translated  by  Denis 
Florence  MacCarthy.  Post  Svo. 
Cloth,  price  ros. 

CANDLER  (H.). 
The  Groundwork  of  Belief. 
CroMm  Svo.    Cloth,  price  7X. 


CARPENTER  (W.  B.),  M.D. 
The  Principles  of  Mental 

Physiology.  With  their  Applica- 
tions to  the  Trainine  and  Discipline 
of  the  Mind,  and  Uie  Study  of  its 
Morbid  Conditions.  Illustrated. 
Fifth  Edition.  Svo.  Cloth,  price  xax. 

CARPENTER  (Dr.  Philip  P.). 
His  Life  and  Work.  Edited 
by  his  brother,  Russell  Lant  Car- 
penter. With  portrait  and  vignette. 
Second  Edition.  Crown  Svo.  Cloth, 
price  js.  6d, 

CAVALRY  OFFICER. 
Notes  on  Cavalry  Tactics, 
Orgf animation,    &c.      With    Dia- 
grams   DemySvo.    Cloth, pricexaf. 

CERVANTES. 
The  Ingenious  Knight  Don 
Quixote  de  la  Mancha.    A  New 
Translation    from   the  Originals  of 
1605  and  1608.    By  A.  J.  Duffield. 

•  With  Notes.  3  vols,  demy  Svo. 
Cloth,  price  42J. 

CHAPMAN  (Hon.  Mrs.  E.  W.). 
A  Constant  Heart.  A  Story. 
2  vols.    Cloth,  gilt  tops,  price  laj. 

CHEYNE(Rev.T.  K.). 
The  Prophecies  of  Isaiah. 

Translated,  with  Critical  Notes  and 
Dissertations  by.  Two  vols.,  demy 
Svo.    Cloth,  price  25s. 

Children's    Toys,   and    some 

Elementary  Lessons  in  General 
Knowledge  which  they  teach.  ^  I  Uus- 
trated.   Crown  Svo.   Cloth,  price  ss. 

Clairaut's  Elements  of 
Geometry.'  Translated  by  Dr. 
Kaines,  with  145  figures.  Crown 
Svo.    Cloth,  price  4^.  6<3?, 

CLARKE  (Mary  Cowden). 
Honey    from    the    Weed. 

Crown  Svo.    Cloth,  price  js. 

CLAYDEN  (P.  W.). 
England  under  Lord  Bea- 
consfield.  The  Political  History  of 
the  Last  Six  Years,  from  the  end  of 
1873  to  the  beginning  of  1880.  Se- 
cond Edition.  With  Index,  and 
Continuation  to  March,  1880.  Demy 
Svo.    Cloth,  price  x6s. 
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CLERY(C.).  Lieut. -Col. 
Minor    Tactics.     With    26 

Maps  and  Plans.  Fifth  and  Revised 
Edition.  DemySva  Cloth,  price  i6f. 

CLODD  (Edward),  F.R.A.8. 
The     Childhood     of     the 
World  :  a  Simple  Account  of  Man 
in    Early   Times.      Sixth    Edition. 
Crown  8vo.    Cloth,  price  3*. 

A   Special  Edition   for   Schools. 
Price  IX. 

The  Childhood  of  Reli- 
gions. Including  a  Simple  Account 
di  the  Birth  and  Growth  of  Myths 
and  Legends.  Third  Thousand. 
Crown  8vo.     Cloth,  price  5*. 

A  Special   Edition   for   Schools. 
Price  IX.  td, 
Jesus  of  Nazareth.    With  a 

brief  Sketch  of  Jewish  History  to 
the   Time   of    His   Birth.      Small 
crown  8vo.    Cloth,  price  6x. 
COQHLAN  0-  Cole),  D.D. 
The  Modem  Pharisee  and 

other  Sermons.     Edited  by  the 
Very  Rev.  A.  H.  Dickinson,  D.D., 
Dean  of  Chapel  Royal,  Dubhn.  New 
and  cheaper  edition.     Crown  Svo. 
Cloth,  price  ^s.  6d. 
COLERIDGE  (Sara). 
Pretty  Lessons   in   Verse 
for   Qood    Children,   with    some 
L<»sons  in  Latin,  in  Easy  Rhyme. 
A  New  Edition.    Illustrated.    Fcap. 
8vo.    Qoth,  price  3X.  6d. 
Phantasmion.  A  Fairy  Tale. 
With  an  Introductory  Preface  by  the 
Right    Hon.    Lord    Coleridge,    of 
Ottery  St.  Mary.    A  New  Edition. 
Illustrated.      Crown    8vo.      Cloth, 
price  7X.  6d. 
Memoir  and  Letters  of  Sara 

Coleridge.  Edited  by  her  Daughter. 
Cheap  Edition.    With  one  Portrait. 
Cloth,  price  7X.  6rf. 
COLLINS  (Mortimer). 
The  Secret  of  Long  Life. 

Small  crown  Svo.  Cloth,  price  3*.  6d. 

Inn  of  Strange  Meetings, 
and    other   Poems.    Crown  8vo. 
Qoth,  price  5X. 
CONNELL  (A.  K.). 
Discontent  and  Danger  in 

India.    Small  crown  8vo.     Cloth, 
price  3X.  6d. 


COOKE  (Prof.  J.  P.) 
Scientific  Culture.     Crown 
8vo.    Cloth,  price  ix. 

COOPER  (H.  J.). 
The  Art  of  Furnishing  on 
Rational   and    Esthetic   Prin- 
ciples.   New  and  Cheaper  Edition. 
Fcap.  8vo.    Qoth,  price  i*.  6d, 

COPP^E  (Fran9oi8). 

L'BxiUe.  Done  into  English 

Verse  with  the  sanction  of  the  Author 

by  I.  O.  L.    Crown  8vo.    Vellum, 

price  5x. 
CORFIELD  (Prof.),  M.D. 

Health.    Crown  Svo.    Cloth, 

price  6x. 
CORY  (Col.  Arthur). 

The      Eastern      Menace. 

Crown  Svo.    Cloth,  price  7X.  6d, 

CORY  (William). 
A  Guide  to  Modem  Eng- 
lish History.    Part  I.  MDCCCXV. 
— MDCCCXXX.  Demy  Svo.  Cloth, 
price  9*. 

COURTNEY  (W.L.). 
The  Metaphysics  of  John 
Stuart  Mill.    Crown  Svo.    Cloth, 
price  5X.  6d, 

COX  (Rev.  Sir  Q.  W.),  Bart. 
A  History  of  Greece  from 

the  Earliest  Period  to  the  end  of  the 
Persian  War.  New  Edition,  a  vols. 
Demy  Svo.    Qoth,  price  36X. 

A  General  History  of  Greece 

from  the  Earliest  Period  to  the  Death 
of  Alexander  the  Great,  with  a  sketch 
of  the  subsequent  History  to  the 
present  time.  New  Edition.  Crown 
Svo.    Cloth,  price  7X.  6d. 

Tales  of  Ancient  Greece. 

New  Edition.  Small  crown  Svo 
Cloth,  price  6x. 

School  History  of  Greece. 

With  Maps.  New  Edition.  Fcap. 
Svo.    Cloth,  price  3*.  6d, 

The    Great    Persian    W^r 

from  the  Histories   of   Herodotus. 
New  Edition.     Fcap.  Svo.    Cloth, 
price  3*.  6d, 
A  Manual   of   Mythology 

in  the  form  of  Question  and  Answer 
New  Edition.  Fcap.  Svo.  Cloth, 
price  3X. 
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cox  (Rev.    Sir  Q.  W.),  Bart.— 
continued. 

An  Introduction  to  the 
Science  of  Comparative  My- 
thology and  Folk-Lore.  Large 
crown  8vo.     Cloth,  price  9*. 

COX   (Rev.   Sir    G.  W.),    Bart.. 
M.A.,  and    EUSTACB  HIN- 
TON  JONES. 
Popular  Romances  of  the 

Middle  Ages.  Second  Edition  in 
one  volume.  Crown  8vo.  Cloth, 
price  6f. 
COX  (Rev.  Samuel). 
A  Commentary  on  the  Book 
of  Job.  With  a  Translation.  Demy 
8vo.     Cloth,  price  15J. 

Salvator    Mundi ;     or,    Is 

CHirist  the  Saviour  of  all  Men?  Sixth 
Edition.  Crown  Svo.  Cloth,  price  s$. 
The  Genesis  of  Evil,  and 

other  Sermons,  mainly  Expository. 

Second  Edition.   Crown  Svo.   Cloth, 

price  dr. 
CRAUFURD(A.  H.). 

Seeking  for  Light :  Sermons. 

Oown  Svo.    Cloth,  price  5X. 
CRAVEN  (Mrs.). 

A      Year's       Meditations. 

Crown  Svo.    Cloth,  price  dr. 
CRAWFURD  (Oswald). 
Portugal,    Old    and    New. 

With  Illustrations  and  Maps.  New 
and  Cheaper  Edition.  Crown  Svo. 
Cloth,  price  6*. 

CRESSWELL  (Mrs.  Q.). 
The  King's  Banner.  Drama 

in  Four  Acts.  Five  Illustratiims. 
4ta    Qoth,  price  xor.  td. 

CROZIER  (John  Seattle),  M.B. 
The  Religion  of  the  Future. 

Oown  Svo.    Cloth,  price  6*. 

Cyclopaedia      of     Common 

Things.  Edited  by  the  Rev.  Sir 
George  W.  Cox,  Bart.,  M.A. 
With  500  Illustrations.  Large  i)ost 
Svo.   Cloth,  price  ^s.  tcL 

DALTON  (John    Neale),   M.A., 
R.N. 

Sermons  to  Naval  Cadets. 

Preached  on  board  H.M.S.  "Bri- 
tannia." Second  Edition.  Small 
crown  Svo.    Cloth,  price  y,  6a. 


D'ANVERS  (N.  R.). 
Parted.     A  Tale  of  Clouds 
and  Sunshine.    With  ^  Illustrations. 
Extra  Fcap.  Svo.  Clotn,  price  3^ .  6^. 

Little  Minnie's  Troubles. 

An  Every-day  CHuronicle.  With  Four 
Illustrations  by  W.  H.  Hu^^hes. 
Fcap.    (^oth,  price  3* .  ttU 

Pixie*s  Adventures ;  or,  the 
Tale  of  a  Terrier.  With  sz  Illustra- 
tions.    161110.    (^th,  price  4^.  td, 

Nanny's  Adventures;  or, 
the  Tale  of  a  C^oat.  With  is  lUns- 
trations.  i6mo.   Cloth,  price  4^.  &/. 

DAVID80N(Rev.  Samuel),  D.D., 
LL.D. 

The  New  Testament,  trans- 
lated from  the  Latest  Greek 
Text  of  Tischendorf.  A  New  and 
thorotu'hly  Revised  Edition.  Post 
8va    Cloth,  price  xo«.  td. 

Canon  of  the   Bible  ;    Its 

Formationj  History,  and  Fluctua- 
tions. Third  Edition,  revised  and 
enlarged.  Small  crown  Svo.  C^oth, 
price  5x. 

DAVIB8  (Q.  Christopher). 
Rambles  and  Adventures 
of  Our  School  Field  Club.  With 
FourlllustraticMis.  New  and  Cheaper 
Edition.  Crown  8va  C^oth,  price 
3X.  6^. 

DAVIES  (Rev.  J.  L.),  M.A. 
Theology    and     Morality. 
Essajrs  on  (Questions  of  Belief  and 
|*ractice.    Crown  Sva    Qoth,  price 
7«.  dd. 

DAVIES  (T.  Hart.). 
Catullus.      Translated    into 
English  Verse.    Crown  Svo.    Cloth, 
price  6r. 

DAWSON  (Qeoree),  M.A. 
The  Authentic  Gospel.    A 

New  Volume  of  Sermons.  Edited 
by  George  St.  Clair.  Crown  Svo. 
Ooth,  price  6f. 

Prayers,  with  a  Discourse 
on  Prayer.  Edited  by  his  Wife. 
Sixth  Edition.  Crown  Svo.  Price  6f. 
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DAWSON  (Qeorgre),    M.A.— r<»»- 
tinteed. 

Sennons  on  Disputed 
Points  and  Special  Occasions. 
Edited  by  his  Wife.  Third  Edition. 
Crown  8vo.    Cloth,  price  (a. 

Sermons  on  Daily  Life  and 

Duty.  Edited  by  his  Wife.  Third 
Edition.  Crown  8vo.  Cloth,  price  6«. 

DB  L'HGSTB  (Col.  B.  P.). 
The  Desert  Pastor,  Jean 
Jarousseau.  Translated  from  the 
French  of  Eugbie  Pelletan.  l^th  a 
Frontispiece.  New  Edition.  Fcap. 
8vo.    Qoth,  price  3X.  fid, 

DB      RBDCLIFFB      (Viscount 
Stratford),  P.C,  K.Q..  Q.C.B. 
Why  am    I   a  Christian? 
FifUi  Edition.    Oown  8va    Qoth, 
price  3f. 

DBSPRBZ  (Philip  8.). 
Daniel  and  John;    or,  the 
Apocalypse  of  the  Old  and  diat  of 
the  New  Testament.     Demy  8to. 
Qoth,  price  xu. 

DB  TOCQUBVILLB  (A.X 
Correspondence  and  Con- 
versations of,  with  Nassau  Wil- 
liam Senior,  from  x8^  to  1859. 
Edited  by  M.  C  M.  Sunpson.  a 
vols.    Post  8va    Qoth,  price  sz«. 

DB  VBRB  (AubreyX 
Legends    of    the     Saxon 
Saints.    Small  crown  8vo.    Cloth, 
price  6f. 

Alexander   the    Great.     A 

Dramatic  Poem.  Small  crown  8vo. 
Qoth,  price  5«. 

The  Infant  Bridal,  and 
other  Poems.  A  New  and  En- 
larged Edition.  Fcap.  8vo.  (^oth, 
price  7X.  ftd. 

The  Legends  of  St.  Patrick, 
and  other  Poems.  Small  crown 
8vo.    Cloth,  price  5X. 

St.  Thomas  of  Canterbury. 

A  Dramatic  Poem.  Large  fcap.  8vo. 
Qoth,  price  5*. 

Antar  and  Zara :  an  Eastern 

Romance.  Inispail,  and  other 
Poems,  Meditative  and  Lyrical. 
Fcap.  8vo.    Price  6r. 


DE  VBRE  {Anbrtyy- caniinugd. 
The    Fall    of    Rora,    the 
Search    after    Proserpine,    and 
other  Poems,  Meditative  and  LyricaL 
Fcap.  8vo.    Price  6x. 

DOBELL  (Mrs.  Horace). 
Ethelstone,   Eveline,    and 
other  Poems.  Crown  8vo.    Cloth, 
price  6*. 

DOBSON  (Austin). 
Vignettes  in   Rhsrme  and 
Vers  de  Soci^t^     Third  Edition. 
Fcap.  8vo.    Ckilh,  price  5X. 

Proverbs  in  Porcelain.    By 

the  Author  of  "  Vignettes  in  Rhyme." 
Second  Edition.    Qown  ^vo.    6s. 

Dorothy.  A  Country  Story 
in  Elegiac  Verse.  With  Preface. 
Demy  Svo.    Cloth,  price  5s, 

DOWDBN  (Edward),  LL.D. 
Shakspere :  a  Critical  Study 

of  his  Mind  and  Art.  Fifth  Edition. 
Large  post  8vo.    Cloth,  price  xaj. 

Studies  in  Literature,  1789- 
X877.  Large  post  8vo.  Cloth, pricex2«. 

Poems.  Second  Edition. 
Fcap.  Svo.    Cloth,  price  5*. 

DOWNTON  (Rev.  H.),  M.A. 
Hymns  and  Verses.    Ori- 
ginal and  Translated.    Small  crown 
8vo.    Cloth,  price  3^ .  6d. 

DRBWRY(Q.  O.),  M.D. 
The     Common-Sense 
Management  of  the  Stomach. 
Fifth  Edition.    Fcap.   Svo.    Qoth, 
price  2j.  6d, 

DREWRY  (Q.  O.),  M.D.,  and 
BARTLBTT  (H.  C),  Ph.D., 
F.C.S. 

Cup  and  Platter:  or,  Notes 

on  Food  and  its  Effects.  New  and 
cheaper  Edition.  Small  Sva  Qoth, 
price  IS.  6d, 

DRUMMOND  (Miss). 
Tripps  Buildings.    A  Studv 

from  Life,  with  Frontispiece.  SmaU 
crown  Svo.    Cloth,  price  3«.  6d, 
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DUPFIELD(A.J.). 
Don  Quixote.  His  Critics 
and  Commentators.  Wiih  a  Brief 
Account  of  the  Minor  Works  of  Mi- 
guel de  Cervantes  Saavedra,  and  a 
statement  of  the  end  and  aim  of  the 
greatest  of  them  all.  A  Handy  Book 
for  General  Readers.  Crown  8vo. 
Cloth,  price  3*.  dd, 

DU   MONCBL  (Count). 
The  Telephone,  the  Micro- 
phone,  and   the    Phonoeraph. 
With  74  Illustrations.    Small  crown 
8vo.    Cloth,  price  5*. 

DUTT  (Toru). 
A  Sheaf  Gleaned  in  French 

Fields.  New  Edition,  with  Portrait. 
Demy  §vo.    Cloth,  price  10*.  f>d, 

DU  VERNOIS  (Col.  von  VerdyX 
Studies  in  leading  Troops. 
An  authorized  and  accurate  Trans- 
lation by  Lieutenant  H.  T.  T. 
Hild^ur<C  71st  Foot.  Parts  I.  and 
II.    DemySvo.    Cloth,  price  7*. 

BDBN  (Frederick). 
The    Nile     without    a 
Dragfoman.        Second     Edition. 
Crown  8vo.    Qoth,  price  7*.  &i. 

EDQEWORTH  (F.  Y.). 
Mathematical  Psychics:  an 

Essay  on  the  Application  of  Mathe- 
matics to  Social  Science.  Demy 
8vo.    Cloth,  price  7*.  td. 

EDIS  (Robert  W.). 
Decoration  and  Furniture 
of  Town  Houses.  A  series  of 
Cantor  Lectures  delivered  before  the 
Society  of  Arts,  1880.  Amplified 
and  enlarged,  \rith  29  full-paee  Illus- 
trations and  numerous  sketches. 
Second  Edition.  Square  8vo.  Cloth, 
price  x-zs.  6d. 

BDMONDS  (Herbert). 
Well  Spent  Lives :  a  Series 
of  Modem  Biographies.    New  and 
Cheaper  Edition.  Crown  8vo.  Price 

Educational  Code  of  the 
Prussian  Nation,  in  its  Present 
Form.  In  accordance  with  the 
Decisions  of  the  Common  Provincial 
Law,  and  with  those  of  Recent 
Legislation.  Crown  8vo.  Cloth, 
price  ■«.  6d* 


THE  EDUCATION  LIBRARY 
(Edited  by  Philip  Magnus). 
An  Introduction  to  the 
History  of  Educational  Theo- 
ries. By  Oscar  Browning,  M.A. 
Cloth,  price  3J.  6d. 

John  Amos  Comenius  :  his 
Life  and  Educational  ^Vork.  By 
Prof.  S.  S.  Laurie,  A.M.  Cloth, 
price  3* .  6d. 

Old  Greek  Education.    By 

the  Rev.  Prof.  Mahaffv,  M.A. 
Cloth,  price  3X.  6d. 

EDWARDS  (Rev.  Basil). 
Minor  Chords;  or,  Songs 
for  the  Suffering;:  a  Volume  of 
Verse.      Fcap.    8^0.     Goth,   price 
y.  6d, ;  paper,  price  9S,  6d, 

ELLIOT  (Lady  Charlotte). 

Medusa  and  other  Poems. 

Crown  8vo.    Cloth,  price  6s. 
ELLIOTT  (Ebenezer),  The  Com 

Law  Rhymer. 

Poems.     Edited  by  his  Son, 

the  Rev.  Edwin  Elliott,  of  St.  John's, 

Antigua.  3  vols.  Crown  8vo.  Qoth, 

price  i8x. 

ELSDALE  (Henry). 

Studies     in     Tennyson's 

Idylls.    OownSvo.  Qoth,  price  sx. 
ELYOT  (Sir  ThomasX 
The  Boke  named  the  Go- 

uemour.  Edited  from  the  First  Edi- 


tion of  1 53 1  bv  Henry  Herbert  Ste- 
phen Cron,  M.A.,  Barrister-at-Law. 
With  Portraits  of  Sir  Thomas  and 
Lady  Elyot,  copied  by  permission  of 
her  Majesty  from  Holbein's  Original 
Drawings  at  Windsor  Castle.  3  vols, 
fcap.  4to.   Cloth,  price  50*. 

Epic  of  Hades  (The). 
By  the  author  of  **  Songs  of  Two 
Worlds."  Twelfth  Edition.  Fcap. 
8vo.  Cloth,  price  7*.  6d. 
*,*  Also  an  Illustrated  Edition  with 
seventeen  full-page  designs  in  photo- 
mezzotint  by  (7E0RGE  R.  Chapman. 
4to.  Cloth,  extra  gilt  leaves,  price  25s, 
and  a  Large  Paper  Edition,  with 
portrait,  price  10*.  6d. 

EVANS  (Anne). 
Poems  and   Music.    With 

Memorial  Preface  by  Ann  Thackeray 
Ritchie.  Large  crown  8vo.  Cloth, 
{nice  7«.  6d, 
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EVANS  (Mark). 
The  Gospel  of  Home  Life. 

Crown  8vo.    Cloth,  price  4X.  dd. 

The  Story  of  our  Father's 

Love,  told  to  Children.  Fourth 
and  Cheaper  Edition.  With  Four 
Illustrations.  Fcap.  8vo.  Cloth, 
price  xs.  6d. 

A  Book  of  Common  Prayer 
and  Worship  for  Household 
Use,  compiled  exclusively  from  the 
Hoi]?  Scriptures.  New  and  Cheaper 
Edition.   Fcap.  8va    Cloth,  price  11. 

The    King:'s    Story  Book. 

In  three  parts.  Fcap.  8vo.  Cloth, 
price  IS.  6d.  each. 

*»*  Parts  I.  and  II.,  with  eight  illus- 
trations and  two  Picture  Maps,  now 
ready. 
BX-CIVILIAN. 
Life  in  the  Mofussil;   or, 

Civilian  Life  in  Lower   Ben^d.    3 
vols.    Large  post  8vo.    Price  x^t. 
PARQUHARSON  (M.). 

I.  Elsie  Dinsmore.    Crown 

8vo.    Cloth,  price  3*.  6d. 

II.  Elsie's  Girlhood.  Crown 

8vo.    Cloth,  price  y.  6d. 

III.  Elsie's  Holidays  at 
Roselands.       Crown     Svo. 

Cloth,  price  3$.  6d, 
FELKIN  (H.*  M.). 
Technical  Education  in  a 
Saxon  Town.  Published  for  the 
City  and  Guilds  of  London  Institute 
for  the  Advancement  of  Technical 
Education.   DemySvo.   Cloth,  price 

2S. 

FIELD  (Horace),  B.A.  Lond. 

The  Ultimate  Triumph  of 

Christianity.     Small  crown  8vo. 

Cloth,  price  3«.  6d. 
FINN  (the  late  James),  M.R.A.S. 

Stirring  Times ;  or,  Records 

from  Jerusalem  Consular  Chronicles 


of  1853  to  18^6.  Edited  and  Com- 
piled by  his  Widow.  With  a  Preface 
by   the   Viscountess  ^trangford. 


2  vols.    Demy  8vo.    Price  30*. 
FLOREDICE  (W.  H.). 

A  Month  among  the  Mere 

Irish.    Small  crown   8vo.     Cloth, 
price  $s. 


Folkestone      Ritual      Case 

(The).  The  Argument,  ProceediiKS 
Judgment,  and  Report,  revised  oy 
the  several  Counsel  engaged.  Demy 
8vo.    Cloth,  price  *$s. 

FORMBY  (Rev.  Henry). 
Ancient  Rome  and  its  Con- 
nection with  the  Christian  Re- 
ligion :  an  Outline  of  the  Histor^r  of 
the  City  from  its  First  Foundation 
down  to  the  Erection  of  the  Chair 
of  St.  Peter,  A.p.  42-47.  W*'^ 
numerous  Illustrations  of  Ancient 
Monuments,  Sculpture,  and  Coinag^e, 
and  of  the  Antiquities  of  the  Chris- 
tian Catacombs.  Royal  4to.  Cloth 
extra,  price  5ar.  Roxburgh,  half- 
morocco,  price  S2J.  6d, 

FOWLE  (Rev.  T.  W.),  M.A. 
The  Reconciliation  of  Re- 
ligion and  Science.  Being  Essa3rs 
on  Immortalit3ir,  Inspiration,  Mira- 
cles, and  the  Being  of  ChrisL  Dony 
8va    Cloth,  price  xor.  6d, 

The  Divine  Legation  of 
Christ.  Crown  8vo.  Qoth,  price  7«. 
PHASER  (Donald). 
Exchange  Tables  of  Ster- 
ling and  Indian  Rupee  Cur- 
rency, upon  a  new  and  extended  sys- 
tem, embracing  Values  from  One 
Farthing  to  One  Hundred  Thousand 
Pounds,  and  at  Rates  progressing,  in 
Sixteenths  of  a  Penny,  from  xx.  90.  to 
as.  $d.  per  Rupee.  Royal  8vo. 
Qoth,  price  xos.  6d, 

FRISWELL  (J.  Hain). 
The  Better  Self.    Essays  for 
Home  Life.     Crown  8va      Cloth, 
price  dr. 

One  of  Two;  or,  A  Left- 

Handed  Bride.  With  a  Frontis- 
piece. Crown  8vo.  Cloth,  price  3^ .  6d. 

GARDINER  (Samuel  R.)andJ. 
BASS  MULLINQER,  M.A. 
Introduction  to  the  Study 
of  English  History.   Large  crown 
8vo.    Cloth,  price  9* . 

GARDNER  G).  M.D. 

Longevity :  The  Means  of 
Prolonging  Life  after  Middle 
Age.  Fourth  Edition,  Revised  and 
Emarged.  Small  crown  8vo.  Clc^ 
price  4^. 
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GARRETT  (E.). 
By  Still  Waters.    A  Story 
for  Quiet  Hours.    With  Seven  Illus- 
trations. Crown  8vo.  Cloth,  price  6*. 

GEBLER  (Karl  Von). 
Galileo    Galilei    and    the 

Roman  Curia,  from  Authentic 
Sources.  Translated  with  the  sanc- 
tion of  the  Author,  by  Mrs.  Georgb 
Sturgb.  Demy  8vo.  Cloth,  price  \%s, 

GEDDES  (James). 
History  of  the  Administra- 
tion of  John  de  Witt,  Grand  Pen- 
sionary of  Holland.  Vol.  I.  1633— 
1654.  Demy  8vo.,  with  Portrait. 
Cloth,  price  15*. 

GENNA  (E.). 

Irresponsible  Philanthro- 
pists. Being  some  Chapters  on  the 
Employment  of  Gentlewomen.  Small 
crown  Svo.     Cloth,  price  a*.  f>d. 

GEORGE  (Henry). 
Progress  and  Poverty.    An 

Inquiry  into  the  Cause  of  Industrial 
Depressions  and  of  Increase  of  Want 
with  Increase  of  Wealth.  The  Re- 
medy. Post  Svo.  Cloth,  price  7*.  6</. 

GILBERT  (Mrs.). 

Autobiography  and  other 
Memorials.  Edited  by  Josiah 
Gilbert.  Third  Edition.  With  Por- 
trait and  several  Wood  Engravings. 
Crown  Svo.    Qoth,  price  ^t,  6d. 

GLOVER  (F.),  M.A. 
Exempla  Latina.  A  First 
Construing  Book  with  Short  Notes, 
Lexicon,  and  an  Introduction  to  the 
Analysis  of  Sentences.  Fcap.  Svo. 
Cloth,  price  as, 

GODWIN  (William). 
William  Godwin:  His 
Friends  and  Contemporaries. 
With  Portraits  and  Facsimiles  of  the 
handwriting  of  Godwin  and  his  Wife. 
By  C  Keean  Paul,  a  vols.  Demy 
8va    Clou,  price  aSs. 

The  Genius  of  Christianity 
Unveiled.  Being  Essays  never 
before  published.  Edited,  with  a 
Pr^u»,  by  C  Kegan  PaaL  Crown 
Svo.    Cloth»  price  71.  61^ 


GOBTZE  (Capt.  A.  von). 
Operations  of  the  German 
Engineers  during  the  War  of 
1870- 1871.  Published  by  Authority, 
and  in  accordance  with  Official  Docu- 
ments. Translated  from  the  German 
by  Colonel  G.  Graham,  V.C,  C.B., 
R.E.  With  6  laige  Maps.  Demy 
Sva    Qoth,  price  21X. 

GOLDSMID(Sir Francis  Henry). 
Memoir  of.  With  Portrait. 
Oown  Svo.    Qoth,  price  5*. 

OOODENOUGH  (Commodore  J. 
G.),  R.N.,C.B.,C.M.G. 
M  emoir  of,  with  Extracts  from 
his  Letters  and  Journals.  Edited  by 
his  Widow.  With  Steel  Engraved 
Portrait.    Square  Svo.    Qoth,  5*. 

%*  Also  a  Library  Edition  with 
Maps,  Woodcuts,  and  Steel  En- 
graved Portrait.  Square  post  Svo. 
Cloth,  price  14s, 

GOSSE  (Edmund  W.). 
Studies  in  the  Literature  of 
Northern  Europe.  With  a  Frontis- 
piece designed  and  etched  by  Alma 
Tadema.  Large  post  Svo.  Qoth, 
price  X2S. 

New  Poems.     Crown  Svo. 

Qoth,  price  7^.  6d. 

GOULD  (Rev.  S.  Baring),  M.A. 
Germany,  Present  and  Past. 

New  and  Cheaper  Edition.  Large 
crown  Svo.    Cloth,  price  js.  6d. 

The  Vicar  of  Morwenstow: 

a  Memoir  of  the  Rev.  R.  S.  Hawker. 
With  Portrait.  Third  Edition,  re- 
vised. Square  post  Svo.  Cloth,  zor.  6<^ 

GRAHAM  (William),  M.A. 
The  Creed  of  Science  :  Re- 
ligious, Moral,  and  Social.    Demy 
Svo.     Cloth,  price  izs. 

GRIFFITH  (Thomas).  A.M. 
The  Gospel  of  the  Divine 
Life.  A  Study  of  the  Fourth  Evan- 
gelist. Demy  Svo.   Cloth,  price  14s. 

QRIMLEY  (Rev.  H.  N.),  M.A. 
Tremadoc  Sermons,  chiefly 
on  the  Spiritual  Body,  the  Unsbbn 
World,  and  the  Divinb  Humanity. 
Second  Edition.  Oown  Svo.  Qoth, 
price  6f; 
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ORUNBR(M.  L.). 

Studies  of  Blast  Furnace 

Phenomena.    Translated  by  L.  D. 

B.  Gordon,  F.R.S.E.,  F.G.S.  Demy 

8vo.    Cloth,  price  ^s,  td, 
OURNBY  (Rev.  Archer). 

Words  of  Faith  and  Cheer. 

A  Mission  of  Instructi(m  and  Sugges- 
tion.   Crown  8vo.    Cloth,  price  ts. 

Gwen  :  A  Drama  in  Mono- 
logue. By  the  Author  of  the  "  Epic 
of  Hades."  Third  Edition.  Fcap. 
8vo.   Cloth,  price  5X. 

HABCKBL  (Prof.  Bmst). 
The  History  of  Creation. 

Translation  revised  by  Professor  E. 
Rav  Lanke^ter,  M.A.,  F.R.S.  With 
Coloured  Plates  and  Genealoncal 
Trees  of  the  various  groups  of  both 
plants  and  animals.  2  vols.  Second 
Edition.   Post  Svo.   Cloth,  price  32*. 

The  History  of  the  Evolu- 
tion of  Man.  With  numerous  Il- 
lustrations. 3  vols.  Large  post  Svo. 
Cloth,  price  3U. 

Freedom  in  Science  and 
Teaching.  From  the  (German  of 
Ernst  Haeckel,  with  a  Prefatory 
Note  by  T.  H.  Huxley,  F.R.S. 
Crown  Svo.    Goth,  price  5*. 

HALF-CROWN  SERIES. 
Sister  Dora:   a  Biography. 

By  Mai^arct  Lonsdale. 

True  Words  for  Brave  Men. 

A  Book  for  Soldiers  and  Sailors.  By 
the  late  Charles  Kingsley. 

An  Inland  Voyage.     By  R. 

L.  Stevenson. 

Travels  with  a  Donkey.  By 

R.  L.  Stevenson. 

A  Nook  in  the  Apennines. 

By  Leader  Scott. 

Notes  of  Travel.  Being 
Extracts  from  the  Journals  of  Count 
Von  Moltke. 

Letters  from    Russia.    By 

Count  Von  Moltke. 

English  Sonnets.  Collected 
and  Arranged  by  J.  Dennis. 
Lyrics  of  Love  from  Shake- 
speare to  Tennyson.  Selected 
and  Arranged  by  W.  D.  Adams. 
London  Lyrics.  By  Frede- 
rick Locker. 


HALF-CROWN    SERIES-<:<7»- 

tinned. 

Home    Songs    for    Quiet 

H«ur8.  By  the  Rev.  Canon  R.  H. 
Baynes. 

Halleck's   International 

Law;  or.  Rules  Regulating  the 
Intercourse  of  States  in  Peace  and 
War.  A  New  Edition,  revised,  with 
Notes  and  Cases.  By  Sir  Sherston 
Baker,  Bart.  3  vols.  Demy  8va 
Cloth,  price  38*. 

HARDY  (Thomas). 
A  Pair  of  Blue  Eyes.   New 

Edition.  With  Frontispiece.  Crown 
Svo.     Cloth,  price  6*. 

The  Return  of  the  Native. 

New  Edition.  With  Frontispiece. 
Crown  Svo.     Cloth,  prifce  dr. 

HARRISON  (Lieut.-Col.  R.). 
The    Officer's     Memoran- 
dum Book  for  Peace  and  War. 

Third  Edition.  Oblong  32mo.  roan, 
with  pencil,  price  3*.  6^. 

H  ARTINGTON  (The  Right  Hon. 
the  Marquis  of),  M.P. 
Election  Speeches  in  1879 
and  1880.  With  Address  to  the 
Electors  of  North-East  Lancashire. 
Crown  Svo.     Cloth,  price  3^.  6rf. 

HAWEIS(Rev.  H.  R.),  M.A. 
Arrows  in  the  Air.     Crown 

8vo.  Fourth  and  Cheaper  Edition. 
Qoth,  price  5*. 

CurrentCoin.  Materialism— 
The  Devil — Crime — Drunkenness — 
Pauperism — Emotion — Recreation — 
The  Sabbath.  Fourth  and  Cheaper 
Edition.  Crown  8vo.  Cloth,  price 
5*« 

Speech  in  Season.      Fifth 

and  Cheaper  Edition.  Crown  Svo. 
Cloth,  price  sj. 

Thoughts  for  the  Times. 

Twelfth  and  Cheaper  Edidon.  Crown 
Svo.    Cloth,  price  5^. 

Unsectarian        Family 

Prayers.  New  and  Cheaper  Edition. 
Fcap.  Svo.    Cloth,  price  is.  6d. 

HAWKER  (Robert  Stephen). 
The    Poetical    Works    of. 

Now  first  collected  and  arranged 
with  a  prefatory  notice  by  J.  G. 
Godwin.  With  Portrait.  Crown  Svo. 
Cloth,  price  laj. 
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HAWKINS  (Edwards  Comer- 
ford). 

Spirit  and  Form.  Sermons 
preached  in  the  parish  church  of 
Leatherhead.  Crown  8vo.  Cloth, 
price  ts. 

HAYES  (A.  H.). 
New    Colorado     and    the 
Santa  F^  Trail.    With  map  and 
60  Illustrations.    Crown  8vo.  Cloth, 
price  9f . 

HEIDENHAIN  (Rudolf),  M.D. 
Animal  Magnetism.  Physi- 
ological Observations.  Translated 
from  the  Fourth  German  Edition, 
by  L.  C.  Wooldridge.  With  a  Pre- 
face by  G.  R.  Romanes,  F.R.S. 
Crown  8vo.    Cloth,  price  sj.  (>d. 

HELLON(H.  Q.). 
Daphnis.    A  Pastoral  Poem. 
Small  crown  8vo.    Cloth. 

HELLWALD  (Baron  P.  von). 
The  Russians  in  Central 
Asia.  A  Critical  Examination, 
down  to  the  present  time,  of  the 
Geography  and  History  of  Central 
Asia.  Translated  by  Lieut-CoL 
Theodore  Wimnan,  LL.B.  Laree 
po6t  8vo.  With  Map.  Cloth, 
price  I2J. 

HBLVIQ  (MiOor  H.). 
The  Operations  of  the  Ba- 
varian Anny  Corps.  Translated 
by  Captain  G.  S.  Schwabe.  With 
Five  \ixwt  Maps.  In  a  vols.  Demy 
Svo.    Cloth,  price  24^. 

Tactical  Examples :  Vol.  I. 

The  Battalion,  price  15*.  Vol.  1 1.  The 
R^;iment  and  Brigade,  price  lof .  6d, 
Translated  from  the  Gennan  by  Col. 
Sir  Lumley  Graham.  With  numerous 
Diagrams.    Demy  8vo.    Cloth. 

HBRFORD  (Brooke). 
The  Story  of  Religion  in 
England.  A  Book  for  Young  Folk. 
Crown  8vo.    Cloth,  price  5*. 

HICKEY(E.  H.). 
A     Sculptor     and      other 
Poems.    Small  crown  8vo.    Cloth, 
price  5x. 


HINTON  (James). 
Life  and  Letters  of. 


Edited 


by  Ellice  Hopkins,  with  an  Introduc- 
tion by  Sir  W.  W.  Gull,  Bart.,  and 
Portrait  engraved  on  Steel  by  C.  H. 
Jeens.  Fourth  Edition.  Crown  8vo. 
Qoth,  8j.  td. 

Chapters  on  the  Art  of 
Thinking,  and  other  Essays. 
With  an  Introduction  by  Shadworth 
Hodgson.  Edited  by  C.  H.  Hinton. 
Crown  8vo.    Cloth,  price  %s,  6d, 

The  Place  of  the  Physician. 

To  which  is  added  Essays  on  thb 
Law  of  Human  Lifb,  and  on  thb 

RSLATION  between  ORGANIC  AND 

Inorganic  Worlds.  Second  Edi- 
tion. Crown  8vo.  Cloth,  price  3;.  6^. 
Physiology    for    Practical 

Use.  By  various  Writers.  With  50 
Illustrations.  Third  and  cheaper  edi- 
tion.   Crown  8vo.    Cloth,  price  sx. 

An  Atlas  of  Diseases  of  the 
Membrana  Tympani.  With  De- 
scriptive Text.  Post8vo.  Price;C66*. 

The  Questions  of  Aural 
Surgery.  With  Illustrations,  a  vols. 
Post  8va   Cloth,  price  12s.  6d, 

The     Mystery     of    Pain. 

New  Edition.  Fcap.  8vo.  Cloth 
limp,  XX. 

HOCKLEY  (W.   B.). 
Tales  of  the  Zenana;  or, 

A  Nuwab's  Leisure  Hours.  ^  By  the 
Author  of  "PandurangHari."  With 
a  Preface  bv  Lord  Stanley  of  Alder- 
ley,  a  vols.  Crown  8va  Cloth, 
price  2  XX. 

Pandurang  Hari;  or,  Me- 
moirs of  a  Hindoo.  A  Tale  of 
Mahratta  Life  six^  years  ago.  With 
a  Preface  by  Su:  H.  Bartle  E. 
Frere,  G.  C.  S.  L,  &c  New  and 
Cheaper  Edition.  Crown  Svo.  Cloth, 
price  6x. 

HOPPBAUER  (CaptX 
The  German  Artillery  in 
the  BaUles  near  Mets.  Based 
on  the  official  reports  of  the  Gennan 
Artillery.  Translated  by  Capt.  E. 
O.  Hollist  With  Map  and  Plans. 
Demy  8vo.    Cloth,  price  aix. 

HOLMES  (E.  Q.  A.). 
Poems.  First  and  Second  Se- 
ries. Fcap.8vo.  Cloth,  pricesx.each. 
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HOOPER  (Mary). 
Little    Dinners:    How   to 
Serve  them  with  Elegance  and 
Economy.      Thirteenth     Edition. 
Crown  8va    Cloth,  price  5*. 
Cookery  for  Invalids,  Per- 
sons of  Delicate  Digfestion,  and 
Children.   Crown  8vo.   Cloth,  price 
3*.  td. 
Every -Day  Meals.     Being 

Economical  and  Wholesome  Recipes 
for  Breakfast,  Luncheon,  and  Sup- 
par.  Second  Edition.  Crown  8vo. 
Cloth,  price  5x. 

HOOPER  (Mrs.  Q.). 
The  House  of  Raby.    With 

a  Frontispiece.    Crown  8vo.    Cloth, 
price  3*.  6</. 
HORNER  (The  Misses). 
Walks  in  Florence.  A  New 

and  thoroughly  Revised  Edition,  a 
vols.  Crown  8vo.  Cloth  limp.  With 
Illustrations. 

Vol.   I.— Churches,    Streets,   and 
Palaces.    lo*.  dd.     Vol.  II.— Public 
Galleries  and  Museums.    5x. 
Household      Readings      on 

Prophecy.     By  a  Layman.    Small 
crown  8vo.     Cloth,  price  y.  6d. 
HUGHES  (Henry). 
The    Redemption    of    the 

World,  Crown  8vo.  Cloth,  price 
3X.  6d. 

HULL  (Edmund  C.  P.). 
The  European  in  India. 
With  a  Medical  Guide  for  Anglo- 
Indians.  By  R.  R.  S.  Mair,  M.D., 
F.  R. C.  S. E.  Third  Edition,  Revised 
and  Corrected.  Post  8vo.  Cloth, 
price  6f. 

HUTCHISON  (Lieut.-Col.  F. J.), 
and  Capt.G.  H.  MACGREGOR. 
Military  Sketching  and  Re- 
connaissance. With  Fifteen  Plates. 
Second  edition.  Small  8vo.  Cloth, 
price  6s. 

The  first  Volume  of  Military  Hand- 
books forRegimentalOflftcers.  Edited 
by  Lieut.-Col.  C.  B.  Brackenbury, 
R.A..  A.A.G. 

HUTTON  (Arthur),  M.A. 
The  Anglican  Ministry.  Its 

Nature  and  Value  in  relation  to  the 
Catholic  Priesthood.  With  a  Pre- 
face by  his  Eminence  Cardinal  New- 
man.   Demy  8vo.    Cloth,  price  14^. 


INCHBOLDQ-W.). 

Annus   Amoris.      Sonnets. 

Fcap.  8vo.    Qoth,  price  4X.  6d. 
INGELOW  (Jean). 

Off  the  Skelligs.    A  Novel. 

With  Frontispiece.    Second  Edition. 

Crown  8vo.    Cloth,  price  6*. 

The   Little   Wonder-horn. 

A  Second  Series  of  "  Stories  Told  to 
a  Child."  With  Fifteen  Illustrations. 
Small  8vo.    Cloth,  price  sj.  6d. 

International  Scientific 
Series    (The).       Each  book 

complete  in  one  Volume.  Crown  8vo. 
Cloth,  price  5*.  each,  excepting 
those  marked  otherwise. 

I.  Forms  of  Water  :  A  Fami- 
liar Exposition  of  the  Origin  and 
Phenomena  of  Glaciers.  By  J. 
TyndaU,  LL.D.,  F.R.S.  With  25 
Illustrations.    Eighth  Edition. 

II.  Physics  and  Politics ;  or. 
Thoughts  on  the  Application  of  the 
Principles  of  **  Natural  Selectiom" 
and  "  Inheritance  **  to  Political  So 
ciety.  By  Walter  Bagehot.  Fifth 
Edition.  Crown  8vo.  Cloth,  price  4^. 

III.  Foods.  By  Edward  Smith, 
M.D.,  &c.  With  numerous  Illus- 
trations.   Seventh  Edition. 

IV.  Mind  and  Body:  The  Theo- 
ries of  their  Relation.  By  Alexander 
Bain,  LL.D.  With  Four  Illustra- 
tions. Tenth  Edition.  Crown  8vo. 
Cloth,  price  4*. 

V.  The  Study  of  Sociology. 
By  Herbert  Spencer.  Tenth  Edition. 

VI.  On  the  Conservation  ol 
Energy.  By  Balfour  Stewart, 
LL.D.,  &c.  With  14  Illustrations. 
Fifth  Edition. 

VII.  Animal  Locomotion;   or, 

Walking,  Swimming,  and  Flying. 
By  J.  B.  Pettigiew,  M.D.,  &c.  With 
Z30'  Illustrations.     Second  Edition. 

VIII.  Responsibility  in  Mental 
Disease.  By  Henry  Maudsley, 
M.  D.    Third  Edition. 

IX.  The  New  Chemistry.  By 
Professor  J.  P.  Cooke.  With  31  Illus- 
trations.   Fifth  Edition. 

X.  The  Science  of  Law.  By 
Prof.  Sheldon  Amos.  Fourth  Edition. 
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International  Scientific 
Series  (Tht)— continued, 

XI.  Animal  Mechanism.  A 
Treatise  on  Terrestrial  and  Aerial 
Locomotion.  By  Prof.  E.  J.  Marey. 
With  Z17  Illustrations.  Second 
Edition. 

XII.  The  Doctrine  of  Descent 
and  Darwinism.     By  Prof.  Osca 
Schmidt      With    36    Illustrations. 
Fourth  Edition. 

XIII.  The  History  of  the  Con- 
flict between  Religion  and  Sci- 
ence. Bv  J.  W.  Draper,  M.D., 
LL.D.     Fifteenth  Edition. 

XIV.  Fungi;  their  Nature,  In- 
fluences, Uses,  &c.  By  M.  C 
Cooke,  LL.D.  Edited  by  the  Rev. 
M.  J.  Berkeley,  F.L.S.  With  nume- 
rous Illustrations.    Second  Edition. 

XV.  The  Chemical  Effects  of 
Light  and  Photography.  By  Dr. 
Hermann  Vogel.  With  100  Illustra- 
tions.   Third  and  Revised  Edition. 

XVI.  The  Life  and  Growth  of 
Language.  By  Prof.  William 
Dwight  Whitney.      Third  Edition. 

XVII.  Money  and  the  Mecha- 
nism of  Exchange.  By  W.  Stan- 
ley Jevons,  F.R.S.  Fourth  Edition. 

XVIII.  The  Nature  of  Light : 
With  a  General  Account  of  Physical 
Optics.  By  Dr.  Eugene  LommeL 
With  188  Illustrations  and  a  table  of 
Spectra  in  Chromo  -  lithography. 
Third  Edition. 

XIX.  Animal  Parasites  and 
Messmates.  By  M.  Van  Beneden. 
With  83  Illustrations.  Second  Edi- 
tion. 

XX.  Fermentation.  Bv  Prof. 
Schfltrenberger.  With  28  Illustra- 
tions.   Third  Edition. 

XXI.  The  Five  Senses  of  Man. 
By  Prof.  Bernstein.  With  91  Illus- 
trations.   Second  Edition. 

XXII.  The  Theory  of  Sound  in 
its  Relation  to  Music.  By  Prof. 
Ketro  Blasema.  With  numerous 
Illustrations.  Second  Edition. 

XXIII.  Studies  in  Spectrum 
Analysis.  By  J.  Norman  Lockyer. 
F.R.S.  With  SIX  photoeraphic  Il- 
lustrations of  Spectra,  and  numerous 
engravings  on  wood.  Crown  8vo. 
Second  Edition,    ts,  6d. 


International  Scientific 
Series  ( The)— continued, 

XXIV.  A  History  of  the  Growth 
of  the  Steam  Engine.  By  Prof. 
R.  H.  Thurston.  With  numerous 
Illustrations.  Second  Edition.  6s.6d. 

XXV.  Education  as  a  Science. 
By  Alexander  Bain,  LL.D.  Third 
Edition. 

XXVI.  The  Human  Species. 
By  Prof.  A.  de  Quatrefiiges.  Third 
Edition. 

XXVII.  Modem  Chromatics. 
With  Applications  to  Art  and  Indus- 
try, by  Ogden  N.  Rood.  With  130 
original  Illustrations.  Second  Edi- 
tion. 

XXVIII.  The  Crayfish  :  an  Intro- 
duction to  the  Study  of  Zoology.  By 
Prof.  T.  H.  Huxley.  With  eighty- 
two  Illustrations.    Third  edition. 

XXIX.  The  Brain  as  an  Orean 
of  Mind.  By  H.  Charlton  Bastian, 
M.D.  With  numerous  Illustrations. 
Second.  Edition. 

XXX.  The  Atomic  Theory.  By 
Prof.  Ad.  Wurtz.  Translated  by 
£.  Clemin-Shaw.     Second  Edition. 

XXXI.  The  Natural  Conditions 
of  Existence  as  they  affect  Ani- 
mal Life.  By  Karl  Semper.  Second 
Edition. 

XXXII.  General  Physiology  of 
Muscles  and  Nerves.  By  Prof. 
J.  RosenthaL  With  Illustrations. 
Second  Edition. 

XXXIII.  Si^ht:  an  Exposition 
of  the  Principles  of  Monocular 
and  Binocular  Vision.  By  Joseph 
Le  Conte,  LL.D.  With  132  illustra- 
tions. 

XXXIV.  Illusions:  A  Psycho- 
logical Study.    By  James  Sully. 

XXXV.  Volcanoes:  What  they 
are  and  What  they  Teach.  By 
Prof.  J.  W.  Judd,  F.R.S.  With  9a 
Illustrations  on  Wood. 

XXXVI.  Suicide.  An  Essay  in 
Comparative  Mjrthology.  By  Prof. 
E.  MoRSELLi.  with  Diagrams. 

XXXVII.  The  Brain  and  its 
Functions.  By  J.  Luvs.  With 
numerous  illustrations. 

JENKINS  (E.)  and  RAYMOND 

a.). 

The  Architect's  Legal 
Handbook.  Third  Edition  Re- 
vised.   Crown  8vo.    Cloth,  price  6s, 
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JBNKINS  (Rev.  R.  C).  M.A. 
The  Privilege  of  Peter  and 

the  Claims  of  the  Roman  Church 
confronted  with  the  Scriptures,  the 
Councils,  and  the  Testimony  of  the 
Popes  themselves.  Fcap.Svo.  Cloth, 
price  3«.  td, 

JENNINGS  (Mrs.  Vaughan). 
Rahel :  Her  Life  and  Let- 
ters.    With  a  Portrait  from  the 
Painting  1^  Daffinger.    Square  post 
8va    Qoth,  price  ^s.  6d, 

JOEL  (L.). 
A  Consul's    Manual    and 

Shipowner's  and  Shipmaster's  Prac- 
tical Guide  in  their  Transactions 
Abroad .  With  Definitions  of  Nauti- 
cal, Mercantile,  and  Legal  Terms ; 
a  Glossary  of  Mercantile  Terms  in 
English,  French,  German,  Italian, 
and  Spanish.  Tables  of  the  Money, 
Weights,  and  Measures  of  the  Prin- 
cipoJ  Commercial  Nations  and  their 
Equivalente  in  British  Standards: 
and  Forms  of  Consular  and  Notarial 
■    Acts.    Demy  8vo.    Cloth,  price  iw. 

JOHNSON  (Virginia  W.). 
The  Catskill  Fairies.   Illus- 
trated by  Alfred  Fredericks.   Cloth, 
price  5*. 

JOHNSTONE  (C.  F.),  M.A. 
Historical  Abstracts.  Being 

Outlines  of  the  History  of  some  of 
the  less-known  States  of  Europe. 
Crown  8vo.    Cloth,  price  7*.  6d. 

JONES  (Liicy). 
Puddings  and  Sweets.  Being 
Three     Hundred    and    Sixtjr-Five 
Receipts  approved  by  Experience. 
(>own  8vo.,  price  9S.  6d. 

JOYCE  (P.  W.).  LL.D.,  &c. 
Old      Celtic      Romances. 

Translated  from  the  Gaelic  by. 
Crown  8vo.    Cloth,  price  js.  6d. 

KAUFMANN  (Rev.  M.),  B.A. 
Utopias;   or,  Schemes  of 
Social  Improvement,    from   Sir 
Thomas  Mwe  to  Karl  Marx.  Crown 
8vo.    Cloth,  price  5^. 

Socialism :    Its   Nature,  its 

Dangers,  and  its  Remedies  con- 
sidered. Crown  8vo.  Cloth,price  7«.  6^. 


KAY  Ooseph),  M.A.,  Q.C. 
Free    Trade    in    Land. 

Edited  by  his  Widow.  With  Preface 
by  the  Right  Hon.  John   Bright, 
M.  P.     Sixth  Edition.    Crown  8vo. 
Cloth,  price  5*. 
KEMPIS  (Thomas  k). 
Of  the  Imitation  of  Christ. 

Parchment  Library  Edition,  price 
6s.\  vellum,  price  ^s.  6d. 
\*  A  Cabinet  Edition  is  also  pub- 
lished at  IS.  6d.  and  a  Miniature 
Edition  at  ix.  These  may  also  be 
had  in  various  extra  bindings. 

KENT  (Carolo). 
Corona  Catholica  ad  Petn 
successoris  Pedes  Oblata.  De 
Stunmi  Pontificis  Leonis  XIII.  As- 
sumptione  Epiggramma.  In  Quin- 
qtuiginta  Linguis.  Fcap.  4to.  Cloth, 
price  IS*. 

KER  (David). 
The  Boy  Slave  in  Bokhara. 

A  Tale  of  Central  Asia.  With  Illustra- 
tions. Crown  8vo.  Cloth,  price  3*.  6d, 

The  Wild  Horseman  of 
the  Pampas.  Illustrated.  Crown 
Svo.    Cloth,  price  3*.  6^. 

KERNER  (Dr.  A.),  Professor  of 
Botany  in   the    University   of 
Innsbruck. 
Flowers  and  their  Unbidden 

Quests.  Translation  edited  by  W. 
Oglb,  M.A.,  M.D.,  and  a  prefatory 
letter  by  C.  Darwin,  F.  R.  S.  With  Il- 
lustrations. Sq.8vo.  Cloth,  price  9f. 
KIDD  (Joseph),  M.D. 
The  Laws  of  Therapeutics, 

or,  the  Science  and  Art  of  Medicine. 
Second  Edition.  Crown  Svo.  Cloth, 
price  dr. 

KINAHAN(Q.  Henry),M.R.I.A.. 
&c.,  of  her  MiOcsty^s  Geological 
Survey. 

Manual  of  the  Geologfy  of 
Ireland.  With  8  Plates,  26  Wood- 
cuts, and  a  Map  of  Ireland,  geologi- 
cally coloured.  Square  8vo.  Clou, 
price  15*. 

KINO  (Mrs.  Hamilton). 
The  Disciples.    Fourth  Edi- 
tion,   Mrith    Portrait    and    Notes. 
Crown  8vo.    Cloth,  price  7*.  6d. 

Aspromonte,  and  other 
Poems.  Second  Edition.  Fcap. 
8vo.    Qoth,  price  4*.  6d, 


Digitized  by 


Google 


i8 


A  List  of 


KINQSFORD  (Anna),  M.D. 
The  Perfect  Way  in  Diet. 
A  Treatise  advocating  a  Return  to 
the  Natural  and  Ancient   Food  of 
Race.  Small  crown  8vo.  Cloth,  price 

KINQSLBY  (Charles),  M.A. 
Letters  and  Memories  of 
his  Life.  Edited  by  his  Wife. 
With  a  Steel  engraved  Portraits  and 
numerous  Illustrations  on  Wood,  and 
a  Facsimile  of  his  Handwriting. 
Thirteenth  Edition.  2  vols.  Demy 
8vo.    Cloth,  price  36*. 

\*  Also  the  eleventh  Cabinet 
Edition  in  2  vols.  Oown  8vo.  Cloth, 
price  X2J. 

All  Saints'  Day  and  other 
Sermons.  Second  Edition.  Crown 
8vo.    Cloth,  ^s.  6d. 

True    Words    for    Brave 

Men:  a  Book  for  Soldiers'  and 
Sailors'  Libraries.  Eighth  Edition. 
Crown  8vo.    Cloth,  price  2*.  6d, 

KNIGHT  (Professor  W,). 
Studies  in  Philosophy  and 
Literature.  Large  post  8vo.  Cloth, 
price  7*.  6d, 

KNOX  (Alexander  A.). 
The  New  Playground  :   or, 
Wanderings  in  Algeria.    Large 
crown  8vo.    Cloth,  pnce  xos.  6d. 

LAMONT  (Martha  MacDonald). 
The  Gladiator :  A  Life  under 
the  Roman  Empire  in  the  beginning 
of  the  Third  Century.  With  four 
Illustrations  by  H.  M.  Paget.  Extra 
fcap.  8vo.    Cloth,  price  3s.  6d. 

LANG  (A.). 
XXXII   Ballades  in   Blue 

China.    Elzevir.    8vo.  Parchment, 
price  5* . 
LAYMANN  (Capt.). 
The     Frontal     Attack    of 

Infantry.  Translated  by  Colonel 
Edward  Newdigate.  Crown  8vo. 
Cloth,  price  as.  €i, 
LEANDER  (Richard). 
Fantastic  Stories.  Trans- 
lated from  the  German  by  Paulina 
B.  Granville.  With  Eight  full-page 
Illustrations  by  M.  E.  Fraser-Tytler. 
Crown  8vo.    Cloth,  price  s*. 


LEE  (Rev.  P.  G.),  D.C.L. 
The     Other     World;     or, 

Glimpses  of  the  Supernatural.  2  vols. 
A  New  Edition.  Crown  8vo.  Cloth, 
price  15J. 

LEE  (Holme). 
Her  Title  of  Honour.    A 

Book  for  Girls.  New  Edition.  With 
a  Frontispiece.  Oown  8vo.  (^oth, 
price  ^. 

LEWIS  (Edward  Dillon). 
A  Draft  Code  of  Criminal 
Law  and  Procedure.  Demy  8vo. 
Cloth,  price  21*. 

LEWIS  (Mary  A.). 
A  Rat  with  Three  Tales. 

New  and  cheaper  edition.  With 
Four  Illustrations  by  Cathenne  F. 
Frere.  Crown  8 vo.  Cloth,  price  3*.  6d. 

LINDSAY(W.  Lauder),  M.D.,&c. 
Mind  in  the  Lower  Animals 
in  Health  and  Disease.  2  vols. 
Demy  8vo.     Cloth,  price  32J. 

LOCKER  (P.). 
London  'Lyncs.    A  New  and 

Revised  Edition,  with  Additions  and 
a  Portrait  of  the  Author.  Oown  8vo< 
Ooth,  elegant,  price  6*.  Also  a 
Cheap  Edition,  price  2s.  6d. 

LOKI. 
The  New  Werther.     Small 
crown  8vo.    Cloth,  price  2s.  6d. 

LORIMER  (Peter),  D.D. 
John  Knox  and  the  Church 

ofEngland:  His  Work  in  her  Pulpit, 
and  his  Influence  ui>on  her  Litui^, 
Articles,  and  Parties.  Demy  8vo. 
Cloth,  price  I2J. 

John  Wiclif  and  his 
English  Precursors,  by  (Jerhard 
Victor  Lechler.  Translated  from 
the  German,  with  additional  Notes. 
New  and  Cheaper  Edition.  Demy 
8vo.     Cloth,  price  10*.  6d. 

Lov«  Sonnets   of   Proteus. 

With  frontispiece  by  the  Author. 
Elzevir  8vo.     Cloth,  price  5*. 

Lowder  (Charles)  :  a  Biogra- 
phy. By  the  author  of  **  St.  Teresa." 
Large  crown  8vo.  With  Portrait. 
Cloth,  price  7*.  6d. 
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LOWNDES  (Henry). 
Poems   and  Translations. 

Crown  8vo.    Cloth,  price  6*. 

LUMSDEN  (Lieut.-Col.  H.  W.). 
Beowulf.     An  Old  English 

Poem.  Translated  into  modem 
rhymes.  Small  crown  8vo.  Cloth, 
price  5*. 

MAC  CLINTOCK  (L.). 
Sir  Spangle  and  the  Dingy 
Hen.    Illustrated.     Square  crown 
8vo.,  price  %s,  6d, 

MACDONALD  (Q.). 
Malcolm.    With  Portrait  ot 
the  AuthOT  engraved  on  Steel.  Fourth 
Edition.    Crown  8vo.    Price  dr. 

The   Marquis   of    Lossie. 

Second  Edition.  Crown  8vo.  Cloth, 
price  6s, 

St.  George  and  St.  Michael. 

Second  Edition.  Crown  8 vo.  Cloth,  6*. 

MACKBNNA  (S.  J.). 
Plucky  Fellows.     A  Book 
for  Boys.     With  Six  Illustrations. 
Fourth  Edition.   Crovt-n  8vo.   Cloth, 
price  3J.  6d, 

At  School  with  an  Old 
Drasroon.  With  Six  Illustrations. 
Second  Edition.  Crown  8vo.  Cloth, 
price  5J. 

MACLACHLAN  (Mrs.). 
Notes  and  Extracts  on 
Everlasting  Punishment  and 
Eternal  Life,  according  to 
Literal  Interpretation.  Small 
crown  8vo.    Cloth,  price  3J.  6d. 

MACLEAN  (Charles  Donald). 
Latin    and    Greek    Verse 

Translations.  Small  crown  8vo. 
Cloth,  price  2s. 

MACNAUGHT  (Rev.  John). 
Coena  Domini:    An 


on  the  Lord's  Supper,  its  Primi- 
tive Institution,  Apostolic  Uses, 
and  Subsequent  History.  Demy 
8vo.    Cloth,  price  14^. 

MAGNUS  (Mrs.). 
About  the  Jews  since  Bible 

Times.  From  the  Babylonian  exile 
till  the  English  Exodus.  Small 
cvown  8vo.    Cloth,  price  6s, 


MAGNU8SON  (Eirikr),  M.A., 
and  PALMER (E.H.),  M.A. 

iohan  Ludvig  Runeberg's 
yrical  Songs,  Idylls  and  Epi- 
grams. Fcap.  8vo.  Qoth,  price  5*. 

MAIR  (R.  8.),  M.D.,  P.R.C.S.E. 
The  Medical  Guide  for 
Anglo-Indians.  Being  a  Compen- 
dium of  Advice  to  Europeans  in 
India,  relating  to  the  Preservation 
and  Regulation  of  Health.  With  a 
Supplement  on  the  Management  of 
Children  in  India.  Second  Edition. 
Crown  8vo.   Limp  cloth,  price  3;.  &/. 

MALDEN  (H.  E.  and  E.  E.) 
Princes    and    Princesses. 

Illustrated.  Small  crown  8vo.  Cloth, 
price  2S,  6d. 

MANNING  (His  Eminence  Car- 
dinal). 

The  True  Story  of  the 
Vatican  Council.  Crown  8vo. 
Cloth,  price  5*. 

MARKHAM  (Capt.  Albert  Hast- 
ings), R.N. 
The  Great  Frozen  Sea.     A 

Personal  Narrative  of  the  Voyage  of 
the  **  Alert "  during  the  Arctic  Ex- 
pedition of  1875-6.  With  six  full- 
page  Illustrations,  two  Maps,  and 
twenty-seven  Woodcuts.  Fourth 
and  cheaper  edition.  Crown  8vo. 
Cloth,  price  6s. 

A  Polar  Reconnaissance : 

being  the  Voyage  of  the  "  Isbjom  " 
to  Novaya  Zemlya  in  1879.  With 
10  Illustrations.  Demy  8vo.  Cloth, 
price  16*. 

Marriage  and  Maternity;  or, 
Scripture  Wives  and  Mothers. 
Small  crown  8vo.  Cloth,  price  45. 6d. 

MARTI NEAU  (Gertrude). 
Outline        Lessons        on 
Morals.    Small  crown  8 vo.    Cloth, 
price  3J.  6d. 

Master  Bobby  :  a  Tale.     By 

the  Author  of  "Christina  North." 
With  Illustrations  by  E.  H.  Bell. 
Extra  fcap.  8vo.     Cloth,  price  ss.6d. 

MASTERMAN  (J.). 

Half-a-dozen  Daughters. 
With  a  Frontispiece.  Crown  8vo. 
Cloth,  price  3;.  6d, 
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McQRATH  (Terence). 
Pictures  ixora  Ireland.  New 

and  cheaper  edition.  Crown  Sva 
Qoth,  price  a*. 

MBRBDITH  (Qeorge). 
The  Egoist.  A  Comedy  in  Nar- 
rative. 3  vols.  Crown  8vo.  Cloth. 

%*  Also  a  Cheaper  Edition,  with 
Frontispiece.  Crown  8vo.  Cloth, 
price  6r. 

The  Ordeal  of  Richard  Pe- 
▼erel.  A  History  of  Father  and  Son. 
In<mevoL  with  Frontispiece.  Crown 
8vo.    Cloth,  price  ts, 

MEREDITH    (Ovsren)  [the  Earl 
of  Lytton]. 

Lucile.  With  i6o  Illustra- 
tions. Crown  4to.  cloth  extra,  gilt 
leaves,  price  2ix. 

MERRITT  (Henry). 
Art  -  Criticism  and  Ro- 
mance. With  Recollections,  and 
Twenty-three  Illustrations  in  eau- 
forte^  by  Anna  Lea  Merritt.  Two 
vols.    Liarge  post  8vo.    Cloth,  25*. 

MIDDLETON  (The  Lady). 
Ballads.  Square  i6ino.  Cloth, 

price  3*.  6rf. 
MILLER  (Edward). 
The  History  and  Doctrines 
of  Irvingism ;  or^  the  so-called  Ca- 
diolic  and  Apostohc  Chtirch.   a  vols. 
lATge  post  8vo.    Cloth,  price  asx. 

The  Church  in  Relation  to 
the  State.  Crown  8vo.  Cloth,  price 

MILNE  (James). 
Tables  of  Exchange  for  the 

Conversicm  of  Sterling  Money  into 
Indian  and  Ceylon  Currency,  at 
Rates  from  ix.  8^.  to  3j.  3^/.  per 
Rupee.  Second  Edition.  Dony 
Svo.    Qoth,  price  ;C3». 

MOCKLER  (B.). 
A  Grammar  of  the  Baloo- 
chee  Language,  as  it  is  spoken  in 
Makran  (Ancient  Gedrosia),  in  the 
Persia- Arabic  and  Roman  characters. 
Fcap.  8vo.    Qoth,  price  51. 


MOPPAT  (Robert  Scott). 
The  Economy  of  Consump- 
tion; an  Omitted  Chapter  in  Political 
Economy,  with  special  reference  to 
the  Questions  of  Commercial  Crises 
and  the  Policy  of  Trades  Unions; 
and  with  Reviews  of  the  Theories  of 
Adam  Smith,  Ricardo,  J.  S.  Mill, 
Fawcett,  &c  Demy  8vo.  Cloth, 
price  z8f. 

The  Principles  of  a  Time 

Policy :  being  an  Exposition  of  a 
Method  of  Settling  Disputes  between 
Employers  and  Employed  in  regard 
to  'tvEcub  and  Wa^es,  by  a  simple  Pro- 
cess of  Mercantile  Barter,  without 
recourse  to  Strikes  or  Locks-out. 
Demy  8vo.  Qoth,  price  y.  6d, 
MORELL  (J.  R.). 
Euclid  Simplified  in  Me- 
thod and  Language.  Being  a 
Manual  of  Geometry.  Compiled  mnn 
the  most  important  Frencn  Works, 
approved  by  the  University  of  Paris 
and  the  Mmister  of  Public  Instruc- 
tion.   Fca^.  8vo.  Qoth,  price  as,  6d, 

MORSE  (E.  S.),  Ph.D. 
First    Book    of    Zoology. 

With  numerous  Illustrations.  New 
and  cheaper  edition.  CroMrn  Svo. 
Cloth,  price  2*.  6d. 

MORSHEAD  (E.  D.  A.) 
The    House     of    Atreus. 

Being  the  Agamemnon  Libation- 
Bearers  and  Furies  of  iEschylus 
Translated  into  English  Verse. 
CroMm  8vo.      Cloth,  price  js. 

MUNRO  (Major-Gen.   Sir  Tho- 
mas),    K.C.B.,     Governor     of 
Madras. 
Selections    from     His 

Minutes,  and  other  Official  Writings. 
Edited,  with  an  Introductory  Me- 
moir, by  Sir  Alexander  Arbuthnot, 
K.C.S.I.,  CLE.  Two  vols.  Demy 
8vo.     Cloth,  price  30*. 

NAAKE  (J.  T.). 
Slavonic      Fairy      Tales. 

From  Russian,  Servian,  Polish,  and 
Bohemian  Sources.  WiUi  Four  Illus- 
trations. Crown  8vo.  Cloth,  price  51. 

NELSON  0.  H.). 
A  Prospectus  of  the  Scien- 
tific Study  of  the  Hindfi  Law. 
Demy  8vo.     Cloth,  price  9*. 
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NEWMAN  (J.  H.),  D.D. 
Characteristics  from  the 
Writing^  of.  Being  Selecdons 
from  his  various  Works.  Arranged 
with  the  Author's  personal  approval. 
Third  Edition.  With  Portrait. 
Crown  8vo.  Cloth,  price  6f . 
y  A  Portrait  of  the  Rev.  Dr.  J.  H. 
Newman,  mounted  for  framing,  can 
be  had,  price  u.  6</. 

NICHOLAS    (Thomas),    Ph.D., 
P.Q.S. 
The  Pedigree  of  the  English 

People:  an  Argument,  Historical 
and  Scientific,  on  the  Formation  and 
Growth  of  the  Nation,  tracing  Race- 
admixttu«  in  Britain  from  the  earliest 
times,  with  especial  reference  to  the 
incorporation  of  the  Celtic  Abori- 
sines.  Fifth  Edition.  Demy  8vo. 
Cloth,  price  z6f. 

NICHOLSON  (Edward  Byron). 
The  Christ  Child,  and  other 
Poems.     Crown  8to.     Cloth,  price 

The  Rights  of  an  Animal. 

Crown  Svo.    Cloth,  price  3*.  6d. 

The  Gospel  according  to 

the  Hebrews.  Its  Fra^ents  trans- 
lated and  annotated,  with  a  critical 
Analysis  of  the  External  and  Internal 
Evidence  relating  to  it.  Demy  Svo. 
Cloth,  price  9^ .  6d. 

A  New  Commentary  on 
the  Gospel  according  to  Mat- 
thew.  Demy  Svo.  Cloth,  price  12*. 

NICOLS     (Arthur),      F.G.S., 
F.R.G.S. 
Chapters  from  the  Physical 

History  of  the  Earth.  An  Introduc- 
tion to  Geology  and  Palaeontology, 
with  numerous  illustrations.  Crown 
Svo.     Cloth,  price  5*. 

NOAKE  (Major  R.  Compton). 
The   Bivouac  ;    or,   Martial 
Lyrist,  with  an  Appendix— Advice  to 
the  Soldier.   Fcap.8vo.  Pricesf.6«f. 

NOEL  (The  Hon.  Roden). 
A  Little  Child's  Monument. 
Third  Edition.     Small  crown  Svo. 
Qoth,  price  3^.  6d^ 


NORMAN  PEOPLE  (The). 
The  Norman   People,  and 

their  Existing  Descendants  in  th« 
British  Dominions  and  the  United 
States  of  America.  Demy  Svo. 
Cloth,  price  3i«. 

NORRIS  (Rev.  Alfred). 
The  Inner  and  Outer  Life 
Poems.  Fcap.  Svo.  Qoth,  price  6s. 

Notes  on  Cavalry  Tactics, 
Orpranization,  ftc.  By  a  Cavalry 
Officer.  With  Diagrams.  Demy  Svo. 
Cloth,  price  zor. 

Nuces :  Exercises  on  the 
Syntax  of  the  Public  School 
Latin  Primer.  New  Edition  in 
Three  Parts.  Crown  Svo.  Each  i*. 
%*  The  Three  Parts  can  also  be 
had  boimd  together  in  cloth,  price  3«. 

OATES  (Prank),  F.R.G.S. 
Matabele  Land  and  the 
Victoria  Falls:  A  Naturalist's 
Wanderings  in  the  Interior  of 
South  Africa.  Edited  by  C.  G. 
Gates,  B.A.,  with  numerous  illus- 
trations and  four  maps.  Demy  Svo. 
Cloth,  price  21s. 

O'BRIEN  (CharloUe  O.). 
Light  and  Shade.    2  vols. 
Crown  Svo.    Cloth,  gilt  tops,  price 

X2J. 

Ode  of  Life  (The). 
Third  Edition.     Fcap.  Svo.     Cloth, 
price  5*. 

OF     THE     IMITATION      OF 
CHRIST.     Four  Books.     Cabinet 
Edition,  price  u.  and  \s.  6</.,  cloth; 
Miniature  Edition,  price  is, 
%*  Also  in  various  bindings. 

O'HAGAN  (John). 
The  Song  of  Roland.  Trans- 
lated   into    English   Verse.    Large 
post  Svo.     Parchment  antique,  price 
xor.  6d, 

O'MEARA  (Kathleen). 
Frederic  Ozanam,  Professor 
of   the  Sorbonne ;    His    Life   and 
Works.      Second  Edition.     Crown 
Svo.     Cloth,  price  7*.  6d. 

Henri  Perreyve  and  His 
Counsels  to  the  Sick.  Small 
crown  Svo.    Cloth,  price  5;. 
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OTTLEY  (Henry  Bickerstelh), 
The  Great  Dilemma:  Christ 
His  own  Witness  or  His  own 
Accuser.  Six  Lectures.  Crown  8vo. 
Cloth,  price  3*.  6rf. 

Our  Public   Schools.    Eton, 

Harrow,  Winchester,  Rugby,  West- 
minster, Marlborough,  The  Charter- 
house.   Crown  8vo.    Cloth,  price  6f. 

OWEN  (F.  M.). 
John     Keats.       A     Study. 
Crown  8vo.    Cloth,  price  6f . 

OWEN  (Rev.  Robert),  B.D. 
Sanctorale  Catholicum ;  or 

Book  of  Saints.  With  Notes,  Criti- 
cal, Exegetical,  and  Historical. 
Demy  Svo.    Cloth,  price  x&r. 

An  Essay  on  the  Commu- 
nion of  Saints.  Including  an 
Examination  of  the  "  Cultus  Sanc- 
torum."   Price  2J. 

PALQRAVE  (W.  Qifford). 
Hermann  Agha ;  An  Eastern 

Narrative.  Third  and  CheapHsr  Edi- 
tion.   Crown  Svo.    Cloth,  price  6f . 

PANDURANQ  HARI ; 

Or,  Memoirs  of  a  Hindoo. 

With  an  Introductory  Preface  by  Sir 
H.  Bartle  E.  Frere,  G.CS.I.,  C.B. 
Crown  Svo.    Price  6*. 

PARCHMENT    LIBRARY 
(The). 

Choicely  printed  on  hand  -  made 
paper,  limp  parchment  antique,  price 
6*.  each  ;  vellum,  price  ^s.  dd.  each. 

Edgar  Allan  Poe's  Poems. 

With  an  Essay  on  his  Poetry  by 
Andrew  Lang  and  a  frontispiece 
by  Linley  Samboume. 

Shakspere's    Sonnets. 

Edited  by  Edward  Dowden.  With 
a  Frontispiece,  etched  by  Leopold 
Lowenstam,  after  the  Death  Mask. 

English  Odes.  Selected  by 
Edmund  W.  Gosse.  With  Frontis- 
piece on  India  paper  by  Hamo 
Thomycroft,  A.R.A. 

OF  THE  IMITATION 
OF  CHRIST.  Four  Books.  A 
revised  Translation.     With  Frontis- 

Eiece  on  India  paper,  from  a  Design 
y  W.  B.  Richmond. 


PARCHMENT  LIBRARY  (The) 

— continued. 

Tennyson's  The  Princess : 

a  Medley.  With  a  Miniature  Fron- 
tispiece by  H.  M.  Paget,  and  a  Tail- 
piece in  Outline  by  Gordon  Browne. 

Poems  :  Selected  from  Percy 
Bysshe  Shelley.  Dedicated  to  Lady 
Shelley.  With  Preface  by  Richard 
Garnet,  and  a  Miniatnre  Frontis- 
piece. 

Tennyson's     "In    Memo- 

riam."  With  a  Miniature  Portrait 
in  eau  forte  by  Le  Rat,  after  a 
Photograph  by  the  late  Mrs.  Came- 
ron. 

PARKER  (Joseph),  D.D. 
The  Paraclete:    An   Essay 

on  the  Personality^  and  Ministry  of 
the  Holy  Ghost,  with  some  reference 
to  current  discussions.  Second  Edi- 
tion.   Demy  Sva    Cloth,  price  zai. 

PARR  (Capt.  H.  Hallam). 
A  Sketch  of  the  Kafir  and 
Zulu   Wars:    Guadana  to  Isand- 
hlwana,  with  Maps.     Small  crown 
Svo.    Cloth,  price  5*. 

The  Dress,  Horses,  and 
Equipment  of  Infantry  and  Staff 
Omcers.  Crown  Svo.  Cloth, 
price  IX. 

PARSLOE  (Joseph). 
Our  Railways :  Sketches, 
Historical  and  Descriptive.  With 
Practical  Information  as  to  Fares, 
Rates,  &c.,  and  a  Chapter  on  Rail- 
way Reform.  Crown  Svo.  (^tk, 
price  6f . 

PATTISON  (Mrs.  Mark). 
The  Renaissance  of  Art  in 
France.      With    Nineteen    Steel 
Engravings,    a    vols.    Demy   Svo. 
Qoth,  price  32«. 

PAUL  (C.  Kegan). 
Mary  Wollstonecraft. 
Letters  to  Imlay.  With  Prefatory 
Memoir  by.  and  Two  Portraits  is 
eau  forte^  by  Anna  Lea  Mcrritt. 
Crown  Svo.    Qoth,  price  6f . 

Ooethe's  Faust.  A  New 
Translation  in  Rime.  Crown  Svo. 
(^oth,  price  6f. 
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PAUL  (C.  KtzsLn)^continued. 
William  Godwin :  His 
Friends  and  Contemporaries. 
With  Portraits  and  Facsimiles  of  the 
Handwriting  of  Godwin  and  his 
Wife.  3  vols.  Square  post  8va 
Ooth,  price  sSf. 

The  Genius  of  Christianity 
U  nveiled.  Being  Essays  by  William 
Godwin  never  before  published. 
Edited,  with  a  Preface,  by  C 
Kegan  Paul.  Crown  8va  Cloth, 
price  7*.  6d. 

PAUL  (Margaret  Agnes). 
Gentle  and  Simple :  A  Story, 
a  vols.    Crown  8vo.    Cloth,  gilt  tops, 
price  xor. 

%*  Also  a  Cheaper  Edition  in  one 
voL  with  Frontispiece.  Crown  Svo. 
Cloth,  price  6s. 

PAYNE  (John). 
Songs  of  Life  and  Death. 

Crown  8vo.    Cloth,  price  sx. 
PAYNE  (Prof.  J.  P.). 
Frobel  and  the  Kindergar- 
ten System.    Second  Edition. 
A  Visit  to  German  Schools: 
Elementary    Schools    in    Ger- 
many.    Crown  Svo.     Cloth,  price 
4r.  6d. 

PELLETAN  (E.). 
The  Desert  Pastor,  Jean 
Jarousseau.  Translated  from  the 
French.  By  Colonel  E.  P.  De 
L'Hoste.  With  a  Frontispiece.  New 
Edition.  Fcap.  Svo.  Cloth,  price 
3*.  6d. 

PENNELL  (H.  Cholmondeley). 
Pegasus  Resaddled.  By 
the  Author  of  **  Puck  on  Pegasus," 
&c.  &c  With  Ten  Full-page  Illus- 
trations by  Georee  Du  Maurier. 
Second  Edition,  reap.  4to.  Cloth 
elegant,  price  \2S.  6d, 

PENRICE  (Mfl^.  J.),  B.A. 
A  Dictionary  and  Glossary 
of  the  Ko-ran.  With  copious  Gram- 
matical References  and  Explanations 
of  the  Text.    4to.   Cloth,  price  3xx. 

PESCHEL  (Dr.  Oscar). 
The    Races    of   Man   and 
their  Geographical  Distribution, 
l^urge  crown  8vo»    Qoth,  prica  gs* 


PETERS  (F.  H.). 
The   Nicomachean  Ethics 

of  Aristotle.  Translated  by.  Crown 
Svo.    Cloth,  price  6s. 

PFEIFFER  (Emily). 
Under  the  Aspens.    Lyrical 
and  Dramatic.    Crown  Svo.    With 
Portrait.    Cloth,  price  6s. 

Quarterman*s  Grace,  and 
other  Poems.  Crown  Svo.  Cloth, 
price  5*. 

Glan  Alarch:  His  Silence 
and  Song.  A  Poem.  Second 
Edition.  Crown  Sva  price  6s. 
Gerard's  Monument,  and 
other  Poems.  Second  Edition. 
Crown  Svo.    Cloth,  price  6s, 

Poems.       Second     Edition. 
Crown  Svo.    Qoth,  price  6s, 
Sonnets  and  Songs.    New 

Edition.  i6mo,  handsomely  printed 
and  bound  in  cloth,  gilt  edges,  price 
5*. 

PIKE  (Warburton). 
The  Inferno  of  Dante  Ali- 

ghieri.  Demy  Svo.   Cloth,  price  5*. 

PINCHES  (Thomas),  M.A. 
Samuel  Wilberforce:  Faith 
— Service — Recompense.  Three 
Sermons.  With  a  Portrait  of  Bbhop 
Wilberforce  (after  a  Photograph  by 
Charles  Watkins).  Crown  Svo.  Cloth, 
price  4^.  6d. 

PLAYFAIR  (Lieut.. Col.),  Her 
Britannic  Majesty's  Consul-Cyeneral 
in  Algiers. 

Travels  in  the  Footsteps  of 
Bruce  in  Algeria  and  Tunis. 
Illustrated  by  facsimiles  of  Bruce's 
original  Drawings,  Photographs, 
Maps,  &c.  Royal  4to.  Cloth, 
bevelled  boards,  gilt  leaves,  price 
£33*' 

POLLOCK  (Frederick). 
Spinoza.  His  Life  and  Phi- 
losophy.        Demy    Svo.       Cloth, 
price  16s. 

POLLOCK  (W.  H.). 
Lectures  on  French  Poets. 

Delivered  at  the  Royal  Institution. 
Small  crown  Svo.    Cloth,  pries  st» 
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POOR  (Laura  E.). 
Sanskrit  and    its    kindred 

Literatures.  Studies  in  Compara- 
tive Mythology.  Small  crown  8vo. 
Cloth,  price  5*. 

POU8HKIN  (A.  8.). 
Russian        Romance. 

Translated  from  the  Tales  of  BeUdn, 
&c  By  Mrs.  J.  Buchan  Telfer  {nit 
Mouravieff).  Crown  8vo.  Cloth, 
price  3f.  6a. 

PRESBYTER. 

Unfoldings    of    Christian 

Hope.  An  Essay  showing  that  the 
Doctrine  contained  in  the  Damna- 
torv  Clauses  of  the  Creed  commonlv 
called  Athanasian  is  nnscripturaf. 
Small  crown  8vo.  Cloth,  price  4«.  6</. 

PRICE  (Prof.  Bonamy). 
Currency     and     Banking. 
Crown  8vo.    Cloth,  price  6r. 

Chapters  on  Practical  Poli- 
tical Economy.  Bemg  the  Sub- 
stance of  Lectures  delivered  before 
the  Univerrity  of  Oxford.  Large 
post  8vo.    Cloth,  price  xax. 

Proteus   and  Amadeus.     A 

Correspondence.  Edited  by  Aubrey 
DeVere.  Crown  8  vo.  Cloth,  price  51. 

PUBLIC  SCHOOLBOY. 
The  Volunteer,  the  Militia- 
man, and  the  Regular  Soldier. 
Crown  8vo.    Cloth,  price  5*. 

PULPIT  COMMENTARY(The). 
Edited  by  the  Rev.  J.  S.  Exbll  and 
the  Rev.  Canon  H.  D.  M.  Spbncb. 

Genesis.  By  Rev.  T.  White- 
law,  M.A.J  with  Homilies  by  the 
Very  Rev.  J.  F.  Montgomery,  D.  D., 
Rev.  Prot  R.  A.  Redford,  M.A., 
LL.B.,  Rev.  F.  Hastings,  Rev.  W. 
Roberts.  M.A.  An  Introduction  to 
the  Study  of  the  Old  Testament  by 
the  Rev.  Canon  Farrar,  D.D., 
F.R.S.  ;  and  Introductions  to  the 
Pentateuch  by  the  Right  Rev.  H. 
Cotterill,  D.D.,  and  Rev.  T.  White- 
law,  M.A.     Fifth  Edition.    Price 


PULPIT  COMMENTARY(The) 

— conimtitd. 

Numbers.  By  the  Rev.  R. 
Winterbotham.LL.B.  With  Homilies 
by  the  Rev.  Prof.  W.  Binnie,  D.D., 
Rev.  E.  S.  Prout,  M.A.,  Rev.  D. 
Young,  Rev.  J.  Waite,  and  an  In- 
troduction by  the  Rev.  Thomas 
Whitelaw,  M.A  Third  Edition. 
Price  15*. 

Joshua.  By  the  Rev.  J.  T. 
Lias,  M.A.  With  Homilies  by  the 
Rev.  S.  R.  Aldridge,  LL.B.,  Rev. 
R.  Glover,  Rev.  £.  de  Pressens^, 
D.D.,  Rev.  J.  Waite.  Rev.  F.  W. 
Adeney,  and  an  Introduction  by  the 
Rev.  A.  Plummer,  M.A.  Third 
Edition.  Price  12^.  6d. 
Judges  and  Ruth.  By  Right 
Rev.  Lord  A.  C.  Hervey,  D.D.,  and 
Rev.  J.  Morrison,  D.D.  With  Ho- 
milies by  Rev.  A.  F.  Muir,  M.A  ; 
Rev.  W.  F.  Adeney,  M.A ;  Rev. 
W.  M.  Statham ;  and  Rev.  Prof.  J. 
R.  Thomson,  M.A.  Third  Edition. 
Cloth,  price  IS*. 

I  Samuel.  By  the  Very  Rev. 

R.  P.  Smith,  D.D.  With  Homilies 
by  the  Rev.  Donald  Eraser.  D.D., 
Rev.  Prof.  Chapmau,  and  Rev.  B. 
Dale.  Fourth  Edition.  Price  x$s. 
I  Kings.  By  the  Rev.  Joseph 
Hammond,  LL.B.  With  Homihes 
by  the  Rev.  E.  de  Pressens^,  D.D., 
Rev.  J.  Waite,  B.A.,  Rev.  A.  Row- 
land, LL.B.,  Rev.  J.  A.  Macdonald, 
and  Rev.  J.  Urquhart. 

Ezra,    Nehemiah,     and 

Esther.  By  Rev.  Canon  G.  Rawlin- 
son,  M.A.;  with  Homilies  by  Rev. 
Prof.  I.  R.  Thomson,  M.A.,  Rev. 
Prof.  R.  A.  Redford,  LL.B.,  M.A., 
Rev.  W.  S.  Lewis,  M.A.,  Rev.  J.  A. 
Macdonald,  Rev.  A.  Mackennal, 
B.A.,  Rev.  W.  Clarkson,  B.A.,  Rev. 
F.  Hastings,  Rev.  W.  Dinwiddie, 
LL.B.,  Rev.  Prof.  Rowlands,  B.A., 
Rev.  G.  Wood,  B.A.,  Rev.  Prof.  P. 
C.  Barker,  LL.B.,  M.A.,  and  Rev. 
J.  S.  Exell.  Fifth  Edition.  Price 
xaf.  6d. 

Puiyaub   (The)    and    North 

Western  Frontier  of  India.  By  an 
old  Punjaubee.  Crown  8va  Cloth, 
price  5*. 

Rabbi  Jeshua.  An  Eastern 
Story.  Crown  Zyo,  Cloth,  ikrice 
3«.  64^ 
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RADCLIPFE  (Frank  R.  Y.). 
The  New  Politicus.     Small 
crown  8vo.     Cloth,  price  2f.  W. 

RAVENSHAW   Qohn    Henry), 
B.C.S. 

Gaur:  Its  Ruins  and  In- 
scriptions. Edited  with  consider- 
able additions  and  alterations  by  his 
Widow.  With  forty-four  photo- 
eraphic'illustrations  and  twenty-five 
lac-similes  of  Inscriptions.  Super 
ro3ral  4to.    Cloth,  3^  131.  dd, 

READ  (Carveth). 
On  the  Theory  of  Logic : 
An   Essay.      Crown   8vo.     Cloth, 
price  6*. 

Realities  of  the  Future  Life. 

Small  crown  8vo.  Cloth,  price 
It.  6d» 

REANEY  (Mrs.  Q.  S.). 
Blessing  and  Blessed;   a 

Sketch  of  Girl  Life.  New  and 
cheaper  Edition.  With  a  frontis- 
piece. OownSvo.  Cloth,  price  3f.6</. 

Waking  and  Working ;  or, 
from  Girlhood  to  Womanhood. 

New  and  cheaper  edition.  With  a 
Frontispiece.  Oown  8vo.  Qoth, 
price  3*.  6d, 

Rose  Gumey's  Discovery. 

A  Book  for  Girls,  dedicated  to  their 
Mothers.  Crown  8vo.  Cloth,  price 
3*.  6d. 

English  Girls :  their  Place 
and  Power.  With  a  Preface  by 
R.  W.  Dale,  M.A.,  of  Birmingham. 
Third  Edition.  Fcap.  8vo.  Cloth, 
price  2«.  6d, 

Just  Anyone,  and  other 
Stories.  Three  Illustrations.  Royal 
z6mo.    Cloth,  price  is.  6d. 

Sunshine  Jenny  and  other 

Stories.  Three  Illustrations.  Ro3ral 
x6mo.    Cloth,  price  \s.  6d, 

Sunbeam  Willie,  and  other 

Stories.  Three  Illustrations.  Roiral 
x6mo.    Qoth,  price  xx.  6d, 

RENDALL  (J.  M.). 
Concise  Handbook  of  the 
Island  of  Madeira.    With  plan  of 
Funchal  and  map  of  the  I  sland.  Fcap. 
8vo.    Cloth,  price  i*.  6d. 


REYNOLDS  (Rev.  J.  W.}. 
The  Supernatural  in  Na- 
ture. A  Verification  bjr  Free  Use  of 
Science.  Second  Edition,  revised 
and  enlarged.  Demy  8vo.  Cloth, 
price  x\s. 

l/iysXtry  of  Miracles,  The. 

By  the  Author  of  "The  Supernatural 
in  Nature."  New  and  Enlarged 
Edition.  Crown  8vo.  Cloth,  price 
6f. 

RHOADES  (Tames). 
The    Georgics    of    Virgil. 

Translated  into  English  Verse.  Small 
crown  Svo.    Cloth,  price  5*. 

RIBOT  (Prof.  Th.). 
English  Psychology.  Se- 
cond Edition.  A  Revised  and  Cor- 
rected Translation  from  the  latest 
French  Edition.  Large  post  8vo. 
Cloth,  price  gs. 

Heredity  :  A  Psycholc^cal 
Study  on  its  Phenomena,  its  Laws, 
its  (^uses,  and  its  (>>nse<juences. 
Laxge  crown  8va    Cloth,  pnce  gi. 

RINK  (Chevalier  Dr.  Henry). 
Greenland  :  Its  People  and 
its  Products.  By  the  Chevalier 
Dr.  Hbnrv  Rink,  President  of  the 
(keenland  Board  of  Trade.  With 
sixteen  Illustrations,  drawn  by  the 
Eskimo,  and  a  Map.  Edited  by  Dr. 
Robert  Brown.  Crown  8va  Price 
xof.  6d, 

ROBERTSON   (The   Late   Rev. 
P.  W.),  M.A..  of  Brighton. 
The    Human     Race,     and 

other  Sermons  preached  at  Chelten- 
ham, Oxford,  and  Brighton.  Second 
Edition.  Large  post  8vo.  Cloth, 
price  7*.  6d. 

Notes  on  Oenesis.  New 
and  cheaper  Edition.  Crown  8vo., 
price  3J.  6d. 

Sermons.  Four  Series.  Small 
crown  Svo.   Qoth,  price  3*.  6d.  each. 

Expository  Lectures  on 
St.  Paul's  Epistles  to  the  Co- 
rinthians. A  New  Edition.  Small 
crown  Svo.  Cloth,  price  5X. 
Lectures  and  Addresses, 
with  other  literary  remains.  A  New 
Edition.  Crown  8va  Cloth,  price  sx. 
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ROBERTSON  (The  Late  Rev. 
F.  W.),  M.A.,  of  Brighton— <r<7«- 
tinued. 

An  Analysis  of  Mr.  Tenny- 
son's *'  In  Memoriam."  (Dedi- 
cated by  Permission  to  the  Poet- 
Laureate.)  Fcap.  8  vo.  Qoth,  price  af. 

The     education     of    the 

Human  Race.  Translated  from 
the  (jerman  of  Gotthold  Ephraim 
Lessing.  Fcap.  8vo.  Cloth,  price 
3X.  6^. 

Life  and  Letters.  Edited  by 

the  Rev.  Stopford  Brooke,  M.A., 
Chaplain  in  Ordinary  to  the  Qneen. 

I.  a  vds.,  uniform  with  the  Sor- 
mons.  With  Steel  Portrait.  Oown 
Svo.    Cloth,  price  7*.  6</. 

II.  Library  Edition,  in  Demy  8vo., 
with  Portrait.      Cloth,  price  im. 

III.  A  Popular  Edition,  in  one  voL 
Crown  8vo.    Cloth,  price  6f. 

The  ahovt  Works  can  also  he  had 
half -bound  in  morocco. 
%*  A  Portrait  of  the  late  Rev.  F.  W. 
Robertsotti  mounted  for  firaming,  can 
be  had,  price  u.  6€L 

ROBINSON  (A.  Mary  P.). 
A     Handtul    of     Honey- 
suckle.   Fcap.  Svo.    Cloth,  price 
3*.  6d, 
The  Crowned  Hippolytus. 

Translated  from  Euripides.    With 

New    Poems.      Small    crown    Svo. 

Cloth,  price*  sj. 
RODWELL  (Q.    P.),   F.R.A.S., 

F.C.S. 

Etna :    a   History   of   the 

Mountain   and    its    Eruptions. 

With  Maps  and  Illustrations.  Square 

8vo.    Cloth,  price  9*. 
ROLLESTON  (T.  W.  H.),  B.A. 

The  Enchciridion  of  Epic- 

tetus.  Translated  from  the  Greek, 
with  a  Preface  and  Notes.  Small 
crown  Svo.    Cloth,  price  3*.  6d. 

ROSS  (Mrs.  E.),  ("Nelsie  Brook")- 
Daddy's  Pet.  A  Sketch 
from  Humble  Life.  With  Six  Illus- 
trations.  Royal  i6mo.  Cloth,  price  ix. 

SADLER  (S.  W.),  R.N. 
The  African    Cruiser.      A 

Midshipman's  Adventures  on  the 
West  (Joast.  With  Three  Illustra- 
tions. Second  Edition.  Crown  8vo. 
Ooth,  price  3f .  6d, 


SALTS  (Rev.  Alfred),  LL.D. 
Godparents   at    Confirma- 
tion.   With  a  Preface  by  the  Bishop 
of  Manchester.     Small  crown  Svo. 
Cloth,  limp,  price  2*. 

SALVATOR(Archduke  Ludwig). 
Levkosia,   the    Capital  of 

Cyprus.  Crown  Svo.  Cloth,  price 
•LOS.  6d. 

SAMUEL  (S:ydne^  Montagu). 
Jewish    Life  in  the  East. 
Small  crown  Svo.  Cloth,  price  y.  6d. 

SAUNDERS  (John). 
Israel  Mort,  Overman  :  A 
Story  of  the  Mine.  Cr.  Svo.  Price  6s, 
Hirell.  With  Frontispiece. 
Crown  8va  Qoth,  price  3^ .  6d, 
Abel  Drake's  Wife.  With 
Frontispiece.  Crown  8vo.  Cloth, 
price  3*.  6d. 

SAYCE  (Rev.  Archibald  Henry). 
Introduction  to  the  Science 

of  Language,  Two  vols. ,  large  post 
Svo.     Cloth,  price  25^. 

SCHELL  (Maj.  von). 
The  Operations  of  the 
First  Army  under  Qen.  von 
Qoeben.  Translated  by  Col.  C  H. 
von  Wright.  Four  Maps.  Demy 
8va  Cloth,  price  gs. 
The  Operations  of  the 
First  Army  under  Qen.  von 
Steinmetz.  Translated  by  (Captain 
E.  O.  Hollist  Demy  Svo.  Oath, 
price  10s.  6d. 

8CHELLENDORF    (Maj.^en. 
B.  von). 

The  iJuties  of  the  Oeneral 
Staff.  Translated  from  the  (German 
by  Lieutenant  Hare.  Vol.  I.  Demy 
Svo.    Cloth,  xos.  6d. 

8CHERFF  (Maj.  W.  von). 
Studies  m  the  New  In- 
fantry Tactics.  Parts  I.  and  II. 
Translated  from  the  German  by 
Colonel  Lumley  Graham.  Demy 
Svo.    Cloth,  price  7*.  6d. 

Scientific  Layman.  The  New 

Truth  and  the  Old  Faith  :  are  they 
Incompatible?  Demy  Svo.  Clotl^ 
price  10s.  6d. 
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SCOONES  (W.  Baptiste). 
Four  Centuries  of  English 
Letters.  A  Selection  of  350  Letters 
by  150  Writers  from  the  period  of  the 
Paston  Letters  to  the  Present  Time. 
Edited  and  arranged  by.  Second 
Edition.  Large  crown  8vo.  Cloth, 
price  9^. 

SCOTT  (Leader). 
A  Nook  in  the  Apennines: 

A  Summer  beneath  the  Chestnuts. 
With  Frontispiece,  and  27  Illustra- 
tions in  the  Text,  chiefly  from 
Original  Sketches.  Crown  8vo. 
Cloth,  price  7*.  6d.  Also  a  Cheap 
Edition,  price  2*.  6d. 

SCOTT  (Robert  H.). 
Weather  Charts  and  Storm 
Warnings*  Illustrated.  SecondEdi- 
tion.  Crown  8vo.  C^oth,  price  3f.  6<^ 

Seeking    his    Fortune,    and 

other  Stories.  With  Four  Illustra- 
tions. New  and  cheaper  Edition. 
Cxoym  Sva    Cloth,  price  2*.  6d. 

SENIOR  (N.  W.). 
Alexis     De     Tocqueville. 

Correspondence  and  Conversations 
with  Nassau  W.  Senior,  from  1833  to 
1859.  Edited  by  M.  C.  M.  Simpson. 
2  vols.  Large  post  8vo.Cloth,price  azx. 

Seven  Autumn  Leaves  from 
Fairyland.  Illustrated  with  Nine 
Etchings.  Square  crown  8vo.  doth, 
price  3f .  6d, 

8HADWELL  (Maj.-Qen.),  C.B. 
Mountain  Warfare.  Illus- 
trated by  the  Campaign  of  1799  in 
Switzerland.  Being  a  Translation 
<rf  die  Swiss  Narrative  compiled  from 
the  Works  of  the  Archduke  Charles, 
Tomini,  and  others.  Also  of  Notes 
by  General  H.  Dufour  on  the  Om- 
paign  of  the  Valtelline  in  1635.  With 
Appendix,  Maps,  and  Introductory 
Remarks.  Demy  8vo.(3oth,  price  i6». 

8HAKSPEARE  (Charles). 
Saint  Paul  at  Athens  : 
Spiritual  Christianity  in  Relation  to 
some  Aspects  of  Modem  Thought. 
Nine  Sermons  preached  at  St.  Ste- 
phen's Church,  Westboume  Park. 
With  Preface  by  the  Rev.  Canon 
Farrar.  Crown  8vo.  Cloth,  price  5*. 


SHAW  (Major  Wilkinson). 
The  Elements  of  Modern 

Tactics.  Practically  applied  to 
English  Formations.  With  Twenty- 
five  Plates  and  Maps.  Second  and 
cheaper  Edition.  Small  crown  8vo. 
Cloth,  price  9*. 

*»*  The  Second  Volume  of  "Mili- 
tary Handbooks  for  Officers  and 
Non-commissioned  Officers."  Edited 
by  Lieut.-Col.  C.  B.  Brackenbury, 
R.A.,  A.A.G. 

SHAW  (Flora  L.). 
Castle    Blair:    a    Story  of 
Youthful  Lives.  3  vols.  Crown  8vo. 
Cloth,  p;ilt  tops,  price  xu.    Also,  an 
dition  in  one  vol.    Crown  8vo.    6f. 

SHELLEY  (Lady). 
Shelley  Memorials  from 
Authentic  Sources.  With  (now 
first  printed)  an  Essay  on  Christian- 
ity by  PercyBysshe  Shelley.  With 
Portrait.  Thurd  Edition.  Crown 
8vo.    Cloth,  price  5*. 

SHERMAN  (Qen.  W.  T.). 
Memoirs  of  Oeneral  W. 
T.  Sherman,  Commander  of  the 
Federal  Forces  in  the  American  Civil 
War.  By  Himself,  a  vols.  With 
Map.  Demy  8vo  CHoth,  price  341. 
Copyright  EngUsk  Ediium, 

SHILLITO  (Rev.  Joseph). 
Womanhood :     its    Duties, 
Temptations,  and  Privileges.  A  Book 
for  Young  Women.  Second  Edition. 
Crown  8vo.    Price  3*.  6d, 

SHIPLEY  (Rev.  Orby).  M.A. 
Principles  of  the  Faith  in 
Relation  to  Sin.  Topics  for 
Thought  in  Times  of  Retreat. 
Eleven  Addresses.  With  an  Intro- 
duction on  the  neglect  of  Dogmatic 
Theology  in  the  Church  of  England, 
and  a  Postscript  on  his  leaving  the 
Church  of  England.  Demy  8vo. 
Cloth,  price  I3J. 

Church  Tracts,  or  Studies 
in  Modem  Problems.  By  various 
Writers,    svols.   Crown  8vo.   (Hoth, 
price  5*.  each. 
Sister     Augustine,    Superior 

of  the  Sisters  of  Charity  at  the  St. 
Johannis  Hospital  at  Bonn.  Autho- 
rized Translation  by  Hans  Tharau 
from  the  German  Memorials  of  Ama- 
lie  von  Lasaulx.  Second  edition. 
Large  crown  8vo.  Cloth,  price  7J.  6rf. 
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Six  Ballads  about  King 
Arthur.  Crown  8vo.  Cloth  extra, 
gilt  edges,  price  3/.  dd, 

SKINNER  Games). 
Ccelestia :  the  Manual  of  St 

Augustine.  The  Latm  Text  side  by 
side  with  an  English  Interpretation* 
in  36  Odes,  with  Notesj  and  a  plea 
for  the  Study  of  Mystic  Theology. 
Large  crown  8vo.    Cloth,  price  (a. 

SMITH  (Edward),  If  .D.,  LL.B., 
P.R.S. 

Health  and  Disease,  as  In- 
fluenced by  the  Daily,  Seasonal,  and 
other  Cychcal  Changes  in  the  Human 
System.  A  New  Edition.  PostSva 
Cloth,  price  ^t,  6d, 

Practical  Dietary  for 
Families,  Schools,  and  the  La- 
bouring Classes.  A  New  Editi<Mi. 
Post  8vo.    Cloth,  price  31.  6d, 

Tubercular  Consumption 
in  its  Early  and  Remediable 
Staines.  Second  Edition.  Crown 
8va    Cloth,  price  6f. 

Songs  of  Two  Worlds.    By 

the  Author  of  "  The  Epic  of  Hades." 
Sixth  Edition.  Complete  in  one 
Volume,  with  Portrait.  Fcap.  8vo. 
Qoth,  price  7«.  6d, 

Songs  for  Music. 
By  Four  Friends.     Sqtiare  crown 
8vo.    Cloth,  price  m. 
Containing  songs  by  R^:inald   A. 
Gat^,  Stephen  H.  Gat^,  Greville 
J.  Chester,  and  Juliana  Swing. 

SPEDDINQ  Games). 
Evenings  with  a  Reviewer; 
or,  Bacon  and  Macaulay.  With 
a  Prefatory  Notice  by  G.  S.  Ven- 
ABLBS,  Q.C.  3  vols.  Demy  Bvo. 
Cloth,  price  z8x. 

Reviews  and  Discussions, 
Literary,  Political,  and  His- 
torical, not  relating:  to  Bacon. 
Demy  8vo.    Cloth,  pnce  zaf.  6d. 

STAFFER  (Paul). 
Shakspeare  and  Classical 
Antiquity  :  Greek  and  Latin  Anti- 


STAPFER  (PAuiy-coniiftMd. 
quity  as  presented  in   Shakspeare*s 
Plays.  Translated  by  Emily  J.  Carey. 
Large  post  Svo.    Cloth,  price  iw. 

St.    Bernard  on    the    Love 

of  God.  Translated  by  Marianne 
Caroline  and  Coventry  Patmore. 
Cloth  extra,  gilt  top,  pnce  4s.  td, 

STEDMAN  (Edmund  Clarence). 
Lyrics  and  Idylls.  With 
other  Poems.  Crown  8vo.  CloUi, 
price  ^t.  6d, 

STEPHENS  (Archibald  John), 
LL.D. 

The  Folkestone  Ritual 
Case.  The  Substance  of  the  Arjru- 
ment  delivered  before  the  Jndiaal 
(^mmittee  of  the  Privy  ConnciL  On 
behalf  of  the  Respondents.  Demy 
8vo.    (^loth,  price  6f. 

STEVENSON  (Robert  Louis). 
Virginibus,  Puerisque,  and 
other  Papers.  Crown  Svo.    Cloth, 
price  6s. 

STEVENSON  (Rev.  W.  P.). 
Hymns  for  the  Church  and 
Home.    Selected  and  Edited  by  the 
Rev.  W.  Fleming  Stevenscm. 

The  most  comfdete  Hymn  Book 
published. 

The  Hymn  Book  consists  of  Three 
Parts:— I.  For  Public  Worship.— 
II.  For  Family  and  Private  Worsnip. 
— IIL  ForOiildren. 
%*  Published  m  various  formts  and 
prices t  the  loiter  raetgtng  from  9d. 
to  6s.  Lists  and  full  particulars 
will  he  furnished  on  application  to 
the  Publishers, 

STOCKTON  (Frank  R.). 
A  Jolly  Fellowship.     With 
20  Illustrations.   Crown  Svo.  Cloth, 
price  tfi. 

STORR(FrancisX  and  TURNER 
Hawes). 

Canterbury    Chimes ;     or, 

(^ucer  Tales  retold  to  Clhildren. 
With  Illustrations  from  the  Elles- 
mereMS.  Extra  Fcap.  Svo.  Qoth, 
price  3J.  6d, 
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Strecker-Wishcenu8*s  Orga- 
nic Chemistry.  Translated  and 
edited  with  extensive  additions  by 
W.  R.  HoDGKiNSON,  Ph.  D.,  and 
A.  J.  Green  WAY,  F.  I.e.  Demy  8vo. 
Cloth,  price  21*. 

STRETTON  (Hesba). 
David  Lloyd's  Last  WiU. 
With    Four    Illustrations.      Royal 
x6mo.,  price  sx.  td. 

The       Wonderful       Life. 

Thirteenth  Thousand.  Fcap.  8vo. 
Cloth,  price  %s.  6d. 

Through  a  Needle's  Eye : 

a  Story.     Crown  8vo.    Cloth,  price 

8TUBBS  (Lieut.-Colonel  P.  W.} 
The  Regiment  of  Bengal 
Artillery.  The  History  of  its 
Organization,  £9uipment,  and  War 
Services.  Compiled  from  PubHshed 
Works,  Official  Records,  and  various 
Private  Sources.  A^th  numerous 
Maps  and  lUustraticnis.  a  vols. 
Demy  8vo.    Cloth,  price  3U. 

8TUMM  (Lieut.  Hugo),  German 
Military  Attach^  to  the  Khivan  Ex- 
pedition. 

Russia's  advance  East- 
ward. Based  on  the  Official  Reports 
of.  Translated  by  Capt  C.  £.  H. 
Vincent.  With  Map.  Crown  8va 
Ooth,  price  6f. 

SULLY  (James),  M.A. 
Sensation    and    Intuition. 
Demy  8va   Second  Edition.  Cloth, 
price  lof .  6d. 

Pessimism :  a  History  and 
a  Criticism.    Demy  8vo.    Price  14^. 

Sunnyland  Stories. 
By  the  Author  of  "  Aunt  Mary's  Bran 
Pie."  Illustrated.  Small  8va  Cloth, 
price  y.  6d 

Sweet  Silvery  Sayings  of 
Shakespeare.  Oown  8vo.  Cloth 
gilt,  price  7X.  6d, 

SYME  (David). 
Outlines  of  an  Industrial 
Science.    Second  Edition.    Crown 
8vo.   Cloth,  price  6s, 


SYME  (DAvidy—cafitinued. 
Representative      Govern- 
ment in  England.    Its  Faults  and 
Failures.    Large  crown  Bvo.    Cloth, 
price  6s. 

Tales  from  Ariosto.  Retold  for 

Children,  by  a  Lady.  With  three 
illustrations.  Crown  8vo.  Cloth, 
price  4^.  64. 

TAYLOR  (Algernon). 
Ouienne.  Notes  of  an  Autumn 
Tour.  Crown  8vo.  Cloth,  price  4*.  6</. 

TAYLOR  (Sir  H.). 
Works  Complete.    Author's 
Edition,   in   5   vols.     Oown   8vo. 
Qoth,  price  6s.  each. 

Vols.  I.  to  III.  contuning  the 
Poetical  Works,  Vols.  IV.  and  V. 
the  Prose  Works. 

TAYLOR  (Col.  Meadows),  C.S.I., 
If.R.LA. 

A  Noble  Queen  :  a  Romance 

of  Indian  History.  New  Edition. 
With  Frontispiece.  Crown  8vo. 
Cloth.    Price  6*. 

Seeta.  New  Edition  with 
frontispiece.  Crown  8vo.  Qoth, 
price  6s. 

Tippoo  Sultaun :  a  Tale  of 

the  Mysore  War.  New  Edition  with 
Frontispiece.  Crown  8vo.  Cloth, 
price  6f. 

Ralph  Darnell.  New  Edi- 
tion. With  Frontispiece.  Crown  8vo. 
Cloth,  price  6*. 

The  Confessions  of  a  Thug. 

New  Edition.  With  Frontispiece. 
Crown  8vo.    Cloth,  price  6s. 

Tara :  a  Mahratta  Tale. 
New  Edition.  With  Frontispiece. 
Crown  8vo.    Qoth,  price  6s. 

TENNYSON  (Alfred). 

The  Imperial  Library  Edi- 
tion. Complete  in  7  vols.  Demy8va 
Clodi,  ijrice  £2  13*.  6d. ;  in  Rox- 
burgh binding,  £4  js.  6d. 

Author's  Edition.  Complete 

in  7  Volumes.  With  Frontispieces. 
Crown  8vo.  Cloth,  price  ^3*.  6d,\ 
Roxburgh  half  morocco,  price  54*. 
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TENNYSON  (Alfred)-><:(»»/Mf^^. 
Cabinet  Edition,  in  13  vols. 

with  Frontispieces.  Ycxp.  Svo. 
Cloth,  price  %s,  6d,  each,  or  com- 
plete in  cloth  box,  price  35*. 

%*  Each  volume  in  the  above  edi- 
tions may  be  had  separately. 

The  Royal  Edition.     With 

26  Illustrations  and  Portrait.  Cloth 
extra,  bevelled  boards,  gilt  leaves. 
Price  3 IX. 

The  Guinea  Edition.     In 

14  vols.,  neatly  bound  and  enclosed 
in  box.  Cloth,  price  3if.  French 
morocco  or  parchment,  price  3x1.  6d. 

The  Shilling  Edition  of  the 

Poetical  and  Dramatic  Works,  in  xs 
vob.,  pocket  size.  Price  xx.  each. 

The    Crown    Edition  [the 

118th  thousand],  strongly  bound  in 
doth,  price  6s,  Qot£^  extra  gilt 
leaves,  price  js.  6d,  Roxburgh, 
half  morocco,  price  Ss.  6d, 

*«*  Can  also  be  had  in  a  variety 
of  other  bindings. 

Original  Editions: 

Ballads  and  other  Poems. 
Fcap.  Svo.    Cloth,  price  5*. 

The  Lover's  Tale.      (Now 

for  the  first  time  published.)  Fcap. 
Svo.    Cloth,  3*.  6d. 

Poems.  Small  Svo.  Cloth, 
price  6s. 

Maud,      and   other   Poems. 
Small  Svo.    Cloth,  price  3^.  6d. 
The  Princess.    Small  Svo. 
Ooth,  i»ice  3^ .  6d, 
Idylls  of  the  King.    Small 
Svo.    Cloth,  price  5*. 
Idylls  of  the  King.     Com- 
plete.   Small  Svo.    Cloth,  price  6s. 

The  Holy  Orail,  and  other 
Poems.  Small  Svo.  Cloth,  price 
is.6d. 

Gareth  and  Lsmette.  Small 
Svo.    Cloth,  price  3s, 

Enoch  Arden,  &c  Small 
Sva    Cloth,  price  3s.  6tL 


TENNYSON  iAUrtdy^ontiftusd, 

In  Memoriam.    Small  Svo. 

Cloth,  price  4s. 

Queen    Mary.     A  Drama. 

New  Edition.  Crown  Sva  Cloth, 
pn.c*6s. 

Harold.  A  Drama.  Crown 
Svo.  Ooth,  price  6s. 
Selections  from  Tenny- 
son's Works.  Super  royal  x6mo. 
Cloth,  price  3f.  6ii.  Cloth  gilt  extra, 
price  4^. 

Songs    from    Tennjrson's 

Works.  Super  royal  x6mo.  Cloth 
extra,  price  3^ .  6d. 

Also  a  cheap  edition.  x6mo. 
Cloth,  price  9s.  6d. 

IdyUs    of  the    King,   and 

other  Poems.  Illustrated  by  Julia 
Mara^et  Cameron,  a  vols.  Folio. 
Hal^bound  morocco,  doth  sicks, 
price  £6  6s.  each. 

Tennyson  for  the  Young  and 
for  Recitation.  Specially  arranged. 
Fcap.  Svo.    Price  is.  6d. 

Tennyson    Birthday    Book. 

Edited  by  Emily  Shakespear.  samo. 
Cloth  limp,  2j. ;  cloth  extra,  3; . 

*<»*  A  superior  edition,  printed  in 
red  and  black,  on  antique  paper, 
specially  prepared.  Small  crown  8vo. 
Cloth  extra,  gilt  leaves,  price  5^. ; 
and  in  various  calf  and  morocco 
bindings. 

Songs   Set   to    Music,   by 

various  Composers.  Edited  by  W. 
G.  Cusins.    Dedicated  by  express 


permission  to  Her  Majesty  the 
Queen.  Royal  4to.  Cloth  extra, 
gilt  leaves,  price  2  if.,  or  in  half- 
morocco,  price  35^. 

An  Index  to  ''In  Memo- 
riam." Price  2*. 

THOMAS  (Moy). 
A   Fight  for    Life.      With 
Frontifpiece.     Crown  Sva     Cloth, 
{Hrice  2S.  64. 

THOMPSON  (Alice  C). 
Preludes.       A    Volume    of 
Poems.      Illustrated   by   Elizabeth 
Thompson  (Pamter  of  "The   RoU 
CaU")L    Svo.    Ooth,  price  7«.  6d: 
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THOMSON  0-  TurnbuU). 
Social  Problems ;  or,  an  In- 
quiry into  the  Law  of  Influences, 
with  Diagrams.  Demy  8vo.    Cloth, 
price  \os%  6dm 

THRINQ  (Rev.  Godfrey),  B.A. 
Hymns  and  Sacred  Lyrics. 

Fcap.  8vo.    Cloth,  price  3*.  6d. 
TODHUNTER  (Dr.  J.) 
Forest  Songs.    Small  crown 

8vo.    Cloth,  3*.  6d. 

The     True      Tragedy     of 

Rienzi.    A  Drama. 

A  Study  of  Shelley.    Crown 

Svo.     Cloth,  price  js. 

Alcestis  :  A  Dramatic  Poem. 

Extra  fcap.  Svo.    Cloth,  price  5^. 

Laurella;  and  other  Poems. 

Crown  8vo.    Cloth,  price  6*.  6d, 
Translations     from     Dante, 
Petrarch,  Michael  Angelo,  and 
Vittoria   Colonna.      Fcap.    Svo. 
Cloth,  price  7*.  6d. 
TURNER  (Rev.  C.  Tennyson). 
Sonnets,  Lyrics,  and  Trans- 
lations.   Crown  Svo.    Cloth,  price 
4s.6d, 
Collected  Sonnets,  Old  and 

New.  WithPrefatory  Poem  by  Alfred 
Tennyson ;  also  some  Marginal  Notes 
by  S.  T.  Ojleridge,  and  a  Critical 
Essay  by  Tames  Spedding.  Fcap. 
Svo.    Cloth,  price  ^s.  td. 

TWINING  (Louisa). 
Recollections     of    Work- 
house   Visiting    and    Manage- 
ment during  twenty-five  years. 
Small  crown  Svo.  Cloth,  price  3*.  6d, 

UPTON  (Major  R.D.). 
Gleanings  from  the  Desert 
of  Arabia.   Large  post  Svo.    Cloth, 
price  loj.  6d. 

VAUQHAN  (H.  Halford). 
New  Readings   and   Ren- 
derings of  Shakespeare's  Tra- 
gedies. 2  vols.    Demy  Svo.  Cloth, 
price  25*. 

VIATOR  (Vacuus). 
Flying  South.   Recollections 
of  France  and  its  Littoral.     Small 
crown  Svo.     Cloth,  price  3*.  6d, 

VlLLARI(Prof.). 

Niccolo    Machiavelli    and 

His  Times.  Translated  by  Linda 
Villari.  3  vols.  Large  i>ost  Svo. 
Cloth,  price  24^.. 


VINCENT  (Capt.  C.  E.  H.). 
Elementary    Military 
Geography,  Reconnoitring,  and 
Sketching.      Square   crown    Svo. 
Cloth,  price  2j.  6d. 

VYNER  (Lady  Mary). 
Every     day     a     Portion. 

Adapted  from  the  Bible  and  the 
Prayer  Book.  Square  crown  Svo. 
Cloth  extra,  price  5«. 

WALDSTEIN  (Charles),  Ph.  D. 
The  Balance   of  Emotion 

and  Intellect:  An  Essay  Intro- 
ductory to  the  Study  of  Philosophy. 
Crown  Svo.    Qoth,  price  6s, 

WALLER  (Rev.  C.  B.) 
The  Apocal3rpse,  Reviewed 

under  the  Light  of  the  Doctrine  of 
the  Unfolding  A§es  and  the  Resti- 
tution of  all  Things.  Demy  Svo. 
Cloth,  price  X2X. 

WALSHE  (Walter  Hayle),  M.D. 
Dramatic  Singing  Physio- 
logicalljr  Estimated.  Crown  Svo. 
Cloth,  price  3J.  6d, 

WALTERS  (Sophia  Lydia). 
The  Brook:  A  Poem.  Small 
crown  Svo.    Cloth,  price  3*.  6d. 

A  Dreamer's  Sketch  Book. 

With      Twenty-one      Illustrations. 
Fcap.  4to.    Cloth,  price  12s.  6d. 
WATERFIELD,  W. 

Hymns  for  Holy  Days  and 
Seasons,  ^amo.  Cloth,  price  is.  6d^ 

WATSON  (Sir  Thomas),  Bart., 
M.D. 
The  Abolition  of  Zymotic 

Diseases,  and  of  other  similar  ene- 
mies of  Mankind.  Small  crown  Svo. 
Cloth,  price  3J.  6d. 

WAY  (A.),  M.A. 
The  Odes  of  Horace  Lite- 
rally Translated  in  Metre.    Fcap. 
Svo.    Cloth,  price  as. 

WEBSTER  (Augusta). 
Disguises.  A  Drama.    Small 
crown  Svo.    Cloth,  price  5J. 

WEDMORE  (FrederickX 
The     Masters    of     Genre 

iPainting.  With  sixteen  illustrations. 
Large  crown  Svo.  Qoth,  price 
js.  6d. 
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WHB WELL  (William),  D.D. 
His    Life    and   Selections 
from   his  Correspondence.    By 
Mrs.  Stair  Douglas.    With  Portrait. 
Demy  8vo.    Cloth,  price  21s. 

WHITAKBR  (Florence). 
Christy's   Inheritance.     A 

London  Story.  Illustrated.  Royal 
x6mo.    Cloth,  price  xs.  6d, 

WHITE  (A.  D.),  LL.D. 
Warfare  of  Science.    With 
Prefatory  Note  by  Professor  Tyndall. 
Second  Edition.  Crown  8vo.  Cloth, 
price  iS.  64. 

WHITNEY  (Prof.  W.  D.) 
Essentials      of      English 
Grammar  for  the  U  se  of  Schools. 
Crown  8vo.    Qoth,  price  3*.  6d, 

WICKSTEED  (P.  H.). 
Dante:  Six  Sermons.  Crown 
8vo.    Cloth,  price  5*. 

WILKINS  (William). 
Songs  of  Study.  Crown  8vo. 
Cloth,  price  6*. 

WILLIAMS  (Rowland),  D.D. 
Stray  Thoughts  from  his 
Note-Books.  Edited  by  his  Widow. 
Crown  8vo.  Cloth,  price  3*.  6d. 
Psalms,  Litanies,  Coun- 
sels and  Collects  for  Devout 
Persons.  Edited  by  his  Widow. 
Crown  8vo.  Cioth,  price  ^/s.  6d, 

WILLIS  (R.),  M .D. 
Servetus    and    Calvin  :    a 

Study  of  an  Important  Epoch  in  the 
Early  History  of  the  Reformation. 
8vo.    Qoth,  price  i6s, 

William  Harvey.  A  History 
of  the  Discovery  of  the  Circula- 
tion of  the  Blood.  With  a  Portrait 
of  Harvey,  after  Faithome.  Demy 
8vo.   Cloth,  price  14s, 

WILSON  (Sir  Erasmus). 
Egypt  of  the  Past.     With 
Illustrations   in   the  Text.    Crown 
8vo.    Cloth,  price  12^. 

WILSON  (H.  Schatx). 
The  Tower   and  Scaffold. 
Large  fcap.  8vo.    Price  is. 


Within  Sound  of  the  Sea. 
By  the  Author  of  "Blue  Roses," 
"  Vera,**  &c.  Fourth  Edition  in  one 
vol.  with  frontispiece.    Price  6*. 

WOLLSTONBCRAPT  (Mary). 
Letters  to  Imlay.    With  a 

Preparatory  Memoir  by  C.  Kegan 
Paul,  and  two  Portraits  in  eau  forte 
by  Ajma  Lea  Merritt.  Crown  8vo. 
Cloth,  price  6s. 

WOLTMANN  (Dr.  Alfred),  and 
WOERMANN(Dr.  Karl). 
History  of  Painting  in  An- 
tiquity and  the  Middle  Ages. 
Edited  by  Sidney  Colvin.  With  nu- 
merous illustrations.  Medium  8vo. 
Cloth,  price  28*. ;  cloth,  bevelled 
boards,  gilt  leaves^  price  30*. 

WOOD  (Mi^or-Oeneral  J.  Creigh- 
ton). 
Doubling   the    Consonant. 

Small  crown  8vo.   Qoth,  price  xx.  6d. 

Word     was     made     Flesh. 

Short  Family  Readings  on  the 
Episdes  for  each  Sunday  of  the 
Christian  Year.  Demy  8vo.  Cloth, 
price  xof.  6d. 

Wren  (Sir  Christopher);  his 
Family  and  his  Times.  With 
Original  Letters,  and  a  Discourse 
on  Architecture  hitherto  impub* 
lished.  By  Lucv  Phillimore.  Demy 
8vo.    With  Portrjut,  price  14*. 

WRIGHT  (Rev.  David),  M.A. 
Waiting  for  the  Light,  and 

other  Sermons.  Oown8va  Cloth, 
price  6s. 

YOUMANS  (Elisa  A.). 
An  Essay  on  the  Culture 
of  the  Observing    Powers    of 
Children.  Crown  8va  Cloth,  price 
SI.  6d. 

First    Book     of    Botany. 

With  300  Engravings.  Crown  8va 
Cioth,  price  2f.  6d, 

YOUMANS  (Edward  L.),  M.D. 
A  Class  Book  of  Chemistry. 

With  aoo  Illustrations.  Crown  8va 
Qoth,  price  sx. 


London:— C.  Kegan  Paul  &  Co.,  i,  Paternoster  Square. 
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